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ABSTRACT
There is a great need to improve energy efficiency of low-income housing, since
people who can afford it least have to pay a significant portion of their income to
make their homes more habitable or else live with greater health and
environmental risks. One of the main barriers to improving energy efficiency in
low-income housing is the lack of awareness regarding design choices and their
associated externalities. Thus to enable better design decision-making, MIT
Design Advisor, a rapid and simple building energy simulation tool, has been
adapted to make the costs of poor housing energy efficiency more obvious and
the benefits through simple design improvements more understandable and
comparable. Through the use of this tool decision makers would be provided with
a platform to investigate different design concepts and prioritize energy efficiency
improvements for low income housing without having to spend time and money
in hiring experts or conducting a pilot study. Also, a framework to engage
different stakeholders past the design process towards implementing these
recommendations has also been presented.
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Chapter 1: INTRODUCTION
This thesis provides an outline of a way in which the MIT Design Advisor,
a simple and rapid building energy simulation tool, can be customized to provide
appropriate and valuable advice to inform improvements in the energy efficiency
of low-income housing in developing countries. Beyond the education of
stakeholders regarding the impact of initial design decisions on thermal comfort
and energy consumption of housing - this thesis also explores a framework for
disseminating such advice and addressing the constraints to scaling energy
efficiency improvements in low-income housing. The evidence presented can be
applied to better guide policies in enabling energy efficient practices across a
cross section of building types and even amongst marginal communities in
developing countries.
Before moving forward, it is important to define two terms in the context of
this thesis- 'energy efficiency' and 'low income housing'. In the realm of
household energy consumption, 'energy efficiency' translates into a more
efficient use of energy for cooking, heating, cooling and lighting etc. Energy
efficiency can be harnessed both of the supply side, for example the use of more
efficient fuels for cooking, and on the demand side, i.e. the use of a more energy
efficient cook stoves. Using energy efficient appliances for cooling, heating and
lighting can conserve energy on the demand side. However, there is also
tremendous potential to design buildings such that they require less energy in the
first place to maintain comfortable indoor conditions. For example, buildings can
be designed to make better use of daylight to reduce the need for artificial
lighting. Building design can also incorporate natural ventilation, thermal mass
and insulation to reduce cooling and heating requirements and moderate indoor
air temperatures.
The energy efficiency improvements that I will be focusing on as a part of
this thesis mostly relate to building design and the optimization of some of the
principles I have mentioned above.
'Low-income housing' implies the housing adopted by low-income groups.
In developing countries, the building practices of low-income groups are diverse
depending on the rural and urban nature of the settlement and the climatic
conditions. Although there is great poverty in rural areas, there is also a strong
tradition of vernacular architecture, i.e. design suited to climate conditions that
makes use of local materials. However, given the decreasing natural resources
and the increased desirability for modern construction materials, less vernacular
design is being propagated. On the other hand, despite the access to modern
materials and energy services, the housing conditions of the low-income group
are at times worse in urban areas than rural areas. There has been attempt to
provide adequate housing to a small part of the population through housing
projects. However, due to the high rate of population growth, lack of
infrastructure and spatial constraints, majority of the low-income group continue
to inhabit slum areas and informal settlements. When discussing low-income
housing, I am referring to all of the above.
Improvements in the energy efficiency of low-income housing in
developing countries seem to be a colossal task given the complexity, diversity
and scale of poor housing conditions and need to design and deliver affordable
solutions for people who live on less than $2/day. It is even more difficult to
realize such improvements as building codes and standards are not adhered to
in the case of most low-income housing. However, as complex as the issue may
be, it does not change the reality that there is an urgent need to address it since
the implications of poor housing energy efficiency in developing countries are
great. The reliance on highly polluting and inefficient traditional fuels for heating
and cooking purpose has resulted not only in a loss of disposable income but has
also contributed to a greater burden of disease amongst such communities. Thus
people who can afford it the least have to pay a significant portion of their
disposable income to make their buildings habitable or have to live with greater
health and environmental risks.
My thesis aims to show that improved housing energy efficiency should be
and can be in reach of the rural and urban poor in developing countries. I have
adapted the MIT Design Advisor, keeping in mind the housing conditions and the
externalities associated with household energy consumption, so that it can more
appropriately simulate the implications of housing design in developing countries.
In big picture, once the improvements in design are realized, the next step
involves the implementation of the proposed housing energy efficiency
intervention. Thus a framework for disseminating design recommendations and
strategies to scale housing energy efficiency interventions have also been
presented.
The overall purpose of the adaptation of the MIT Design Advisor and this
thesis is to increase the interest in energy efficiency for low income housing in
developing countries. The work put forth is also to initiate a dialogue between
various stakeholders ranging from architects, builders and engineers to
entrepreneurs, investors or institutions working with these communities on
poverty alleviation, health risk prevention and environmental conservation.
1.1 Background and Motivation
In the developed world, over the past thirty years, improvements in
building energy efficiency have been realized and piloted in the context of
sustainability, mitigating the risks of emissions-induced climate change and the
associated cost saving potential. Through innovation in technology, adaptation of
building codes and standards and greater consumer awareness - energy
efficiency has come to play a significant role in guiding building design. A range
of building energy simulation tools have also been developed and put to use to
gauge energy consumption and thermal comfort of buildings, whether at the
conceptual design stage, as buildings stand today or across the life-cycle of the
building.
Amidst the recent energy crisis in the developing world, building energy
efficiency has started to get attention in current practice, but the technology is
limited to high-end residential and commercial construction in urban areas. On
the other hand, the drive for modernization has lead to a deterioration of housing
energy efficiency in rural areas where there used to be a stronger tradition of
vernacular' architecture. Thus it is not surprising that attempts to promote
building energy efficiency have had a limited outcome and that more than often
building codes and standards written to replicate the situation in the developed
world, are never implemented.
More importantly, with the poor housing conditions, increasing informal
settlements coupled with the energy crisis and the deterioration in the
environment, there is an urgent need to enable energy efficient housing in
developing countries. Poor energy efficient housing continues to be practiced
because of the lack of awareness regarding design choices, poor access to
affordable and appropriate technologies, constraints in financing and disconnect
between housing and energy policy and health and environmental initiatives. The
attempt to understand how these different issues play out set me on the course
of this thesis.
Through the fieldwork I have done in a cross section of communities in
South Asia, I was able to get a better understanding of the implications of poor
energy efficiency. During the intense heat of the summer, I heard women
complain that they cannot even cook indoors because their homes become
unbearably hot. I witnessed people take out loans to purchase a fan to make
their homes more comfortable, but cooling by fan has little effect with the severe
electricity cuts and the humidity during the monsoon season. I saw people in
slum areas scavenge for any material to burn to keep their homes barely warm in
the winter. I visited homes in the remote mountainous regions that are dark,
congested and unventilated but are inhabited during the winter because they are
warmer. I heard from community health workers about the significant incidence of
acute respiratory infections amongst women and children, who are exposed to
high levels of indoor air pollution from the burning of biomass indoors for space
heating and cooking. I spoke to the women in these communities who spend up
to five hours collecting fuel-wood before winter sets in. I also met with
environmentalists working in the area who are concerned with the increase in
household fuel-wood consumption and the impact deforestation will have on the
ecology of the region.
Having seen and interacted with people who are being affected by poor
housing energy efficiency and those working in the communities, I realized that
there was an urgent need to make the cost of poor energy efficiency more
1 Architecture designed to suit local climate conditions and built using local materials.
obvious and the benefits through simple improvements more understandable and
comparable. I also recognized that the main decision makers in the energy
efficiency field are removed from the grass roots level and have various resource
and time constraints for piloting interventions and promoting improvements.
Thus an argument of 'kWh' of energy saved to promote design improvements in
housing, without consideration of the above, could not guarantee implementation.
While working with the MIT Design Advisor2 , I saw the tremendous
potential it had as an educational tool to highlight the magnitude and impact of
energy consumption due to housing design. Further, it could provide a platform
for those interested in piloting housing energy efficiency improvements to
efficiently investigate different concepts on the same basis and disseminate
information to engage various stakeholders in better design decision-making.
1.2 Framing the central question
The central question of this thesis is threefold.
- Is the advice on improvements in energy efficiency of low income housing
needed?
- Can the MIT Design Advisor be adapted in a way to provide the
appropriate advice?
- What is the framework for its dissemination to enable energy efficient
construction practices in developing countries?
The finer questions are:
- What changes would need to be made to the current version of the MIT
design advisor in order to capture the necessary design considerations,
stakeholder priorities and also estimate the impact of design
recommendations?
- What is the optimal framework for the dissemination of such software?
- Once such recommendations are available, what are some of the next
steps to scaling energy efficiency improvements for low-income housing?
1.3 Methodology
A stand-alone executable version of the MIT Design Advisor has been
developed from the current web-based application to include designs that reflect
the conditions and estimate the externalities associated with low-income housing
construction in developing countries. Various stakeholders were consulted to
review the interest and the perception of constraints in the implementation of
energy efficient construction. Such consultation provided a better understanding
2 A building energy simulation tool designed to guide consumers, developers and architects
towards more energy efficient buildings by allowing the user to evaluate the impact of major
design and material choices and construction choices.
of the framework for dissemination of the MIT Design advisor for the purpose of
increasing awareness of the costs of poor housing energy efficiency and the
benefits of the improvements in design. A thorough literature review was also
undertaken to evaluate the constraints to implementation of housing energy
efficiency improvements for low-income housing once design recommendations
are made.
1.3.1 Background research
Extensive background research was required as a part of this thesis.
Firstly, the material choices and construction in developing countries were
reviewed and their impact on energy requirements was studied. Also, various
design strategies used in vernacular architecture such as the use of thermal
mass, natural ventilation and insulation were researched. Secondly, literature on
the dynamics of household energy consumption and the health, environmental
and economic externalities were considered. Thirdly, input from stakeholders on
the use of building codes and piloting of initiatives to increase awareness of
energy efficient were referred to. Fourthly, literature on the measurement of use,
performance and the strategies for dissemination building energy efficiency tools
was reviewed. Finally, the over-arching subject of innovative mechanisms to
provide housing and energy services and build local capacity for the poor in
developing countries was also researched.
1.3.2 Data collection/ field assignments
Architects, builders and organizations piloting energy efficient practices in
low income housing construction in Pakistan were interviewed. Refer to Appendix
1 for list of the contacted stakeholders. The interviews provided valuable
information on the priorities of the some of the stakeholders, the importance and
influence of stakeholders, and the advice they required for better design
decision-making. The follow up surveys provided feedback on the usability and
usefulness of energy simulation tools in the design process. Refer to Appendix 2
to view some of the survey responses. Also, a pilot insulation project in Northern
Pakistan was undertaken during the summer of 2008 to get a better
understanding of the implications regarding the implementation of housing
energy efficiency interventions in developing countries.
1.3.3 Modeling
The adaptation of the MIT Design Advisor required changes in
programming and developing a new interface to include appropriate construction
practices on the input end, while reflecting the priorities of the various
stakeholders in the presentation of results. As a part of the analysis, cases were
run for comparing scenarios with improvements in housing energy efficiency
design. The two main cases included in the analysis are the use of insulation in
different types of housing in Northern Pakistan and options for reducing the
cooling needs for low income housing in Abu Dhabi. Also results from the
modified version of the MIT Design Advisor were compared with simulation
results from the existing web based application of the MIT Design Advisor and
estimates of thermal performance in existing literature.
1.4 Outline
Having considered the motivations for the research, the central questions
and the research methodology, the thesis is structured in the following manner.
Chapter 2 provides an over view of housing conditions in developing
countries and the current scenario of household energy consumption. It also
highlights some of the health, environmental and economic externalities
associated with housing design and household energy use.
Chapter 3 provides a background to design decision making in the context
of low-income housing and identifies the key stakeholders and their priorities.
Further, it discusses the use of building energy simulation tools in the design
process and looks at the limitations in usability, usefulness and dissemination of
existing tools and identifies priorities for the development of a new version of the
MIT Design Advisor.
Chapter 4 highlights the development of the executable version of the MIT
Design Advisor. It provides an overview of the changes made to the building
parameters to represent the thermal characteristic of housing, the modification in
the interface and representation of results to reflect the priorities of the
stakeholders.
Chapter 5 goes into detail of the application of the MIT Design Advisor for
the case of low income housing in Abu Dhabi and rural housing in Northern
Pakistan. This includes a description of the scenarios to be simulated and an
analysis of the simulation results.
Chapter 6 looks at the deployment of the executable to optimize design
decision-making and takes into account the framework for dissemination to
address constraints and improving awareness of housing energy efficiency and
to better inform policies in a timely and cost effective manner.
Chapter 2: HOUSING & HOUSEHOLD ENERGY USE
IN DEVELOPING COUNTRIES
Providing adequate housing to the growing population and upgrading
existing housing stock in the developing world presents a great challenge. There
are over 5 billion people living in developing countries today. Out of these, nearly
3 billion people live in rural areas, while close to a billion people (32% of the
global urban population) live in slums and squatter settlements (United States
Census Bureau, 1999). In addition, 24.5 million people have been internally
displaced in countries due to conflict and violence and do not have access to
housing and land (Glusker et al, 2007). The United Nations predicts that within the
next 30 years, an additional 3 billion people, about 40 percent of the world's
population, will need access to housing (UN-Habitat, 2005a).
The shortage of adequate housing coupled with the lack of access to
clean, affordable and efficient energy services, make housing energy efficiency in
developing countries as important as ever. When addressing the need for
housing energy efficiency it is important to first get an idea of what the housing
conditions and household energy use are in developing countries. The next step
is to look at the externalities associated with household energy consumption and
poor housing conditions, following on how improvements in housing design can
reduce and avoid such externalities in the future.
2.1 Overview of housing conditions and trends
The building practices vary greatly across different sections of the
population due to socio-economic, demographic, climatic and geographic
differences. As a result, so do the housing conditions.
With the increase in access to building materials, growth of the
construction industry and awareness of the importance of adequate living
conditions- housing design, technology and form should have also improved over
the years. However, the following sections on rural and urban housing show that
this has not necessarily been the case. Though there have been some marginal
improvements in standards of living, their has been a deterioration in the
conditions of existing housing stock and adoption of poor building practices.
2.1.1 Rural Housing
Most of the households in rural areas have low household incomes. The
use of simple technology and materials is common in housing construction.
However, there has been a tradition of vernacular design in rural areas - i.e. over
the years the housing has evolved to suit the local environment and is built using
local materials. Often these homes required less heating and cooling for
maintaining comfortable indoor conditions.
The traditional forms of housing vary throughout the developing world.
Some of homes that are characteristic of particular regions include the stone
walled and flat roofed dwellings with wood reinforcement in the mountainous
regions of Central Asia, stilt supported bamboo structures in South East Asia,
mud brick homes with conical thatch roofs in Africa, bamboo and adobe
construction in South America etc. Though the homes are designed to suit the
local climate and are low investment since they make use of local materials,
many require a higher degree of maintenance to repair leaking roofs, unstable
walls and poor floors (UN-Habitat, 1995a).
However, the indigenous forms of construction are going out of practice in
many rural areas. The transition in housing has been motivated by several
factors. Firstly, building practices have been affected by the decrease in natural
resources. For example, in many parts of Central Asia, the scarcity of wood for
construction has resulted in people adapting their housing from using thick timber
columns and beams to wooden poles. These changes have decreased the
structural integrity of the housing. Secondly, with the increased access to
materials such as cement, brick and steel in semi-urban and rural areas, there
has also been an increase in the desirability for modern looking construction that
has a better quality finish and is easier to maintain. Since, it is difficult to ensure
quality control in construction using such materials, there has been deterioration
in housing construction happening simultaneously with modernization. Many of
these homes are unsuited for the climate conditions, as they rapidly cool in the
winter and heat up in the summer. Thirdly, because of the increasing demand for
more modern looking construction, the value for vernacular techniques has been
undermined and there has been a decline in availability of labor with those skills.
Figure. 1 Sub-standard housing in Morocco's Atlas mountains(North African Journal, 2009)
Organizations working with low-income communities have attempted to
revive and adapt traditional housing in rural areas instead of promoting high cost
conventional materials. For example sun-dried bricks have been promoted as a
low cost material for construction and have been incorporated into the housing
design keeping the climate conditions in mind. In hot-arid regions homes with sun
dried mud bricks and waterproof mud plaster and thatch roofs have been
promoted, while for regions with hot and humid climate, mud plastered bamboo
walls and clay tile roofing have been considered more suitable. In hilly-hot
regions, bamboo reinforced mud infill panels with timber were presented as an
option, while in snow bound regions, asphaltic roofing sheets with sun dried brick
walls with waterproof mud plaster were seen as more fitting.
2.1.2 Urban Housing
Every week more than a million people are born in or move to cities in the
developing world (Kissick et al, 2006). The following map shows the extent to
which people are living in slum areas, especially in the developing world. It
illustrates the proportion of the world's population that live in slum areas that live
in the particular country.
Figure 2 . World map of % of people living in slum areas
Source: www.worldmaoper.or
Although improved infrastructure is one of the main reasons behind the
migration of people from rural to urban areas, not all people living in urban areas
are healthier, prosperous and have access to basic services. The disparity in
housing conditions can be seen in most cities in developing countries.
In the case of slum areas and squatter settlements, people end up living in worse
of conditions than before. The inhabitants themselves construct houses from
whatever material they can salvage, for example mud bricks, tarps, cardboard,
CGI sheets etc. The housing conditions are particularly
poor and there is a tremendous need to upgrade the
housing. But due to the informal nature of the housing, the
lack of ownership to land and investment, efforts to realize
improvements in housing design are limited.
Fig 3. View of Kibera slums
Source:http://farm4.static.flickr.com/3629/
3426527099 Ob015c85ee.ipg
Aside from slum areas, many people continue to inhabit dilapidated and
congested buildings in the older parts of the cities in developing countries. Yet,
instead of upgrading the existing buildings, there has been a greater drive for
increasing the housing capacity. Building standards are rarely implemented and
in many cases, the cost and time taken for construction are prioritized over
comfort and efficiency. For example, in China, even newer construction tends to
be of a poor quality characterized by inferior materials, little insulation, poor siting
and loose single glazed windows (Glicksman et al, 2006).
Figure 4. Favelas in Brazil (left), Low-income area being razed in Istanbul (right)
Source (left): http://www.travel-images.com/brazil 1 50.ijp
Source (right): httD://www.treehuqqer.com/files/2009/02/what-slums-can-teach-about-
sustainability.php
At the same time, there has been a movement within cities to provide
affordable and minimum standard housing. However, the social, environmental
and aesthetic aspects of housing have been overlooked on occasion. Also, many
building technologies have been imported from developed countries for mass
production and prefabricated construction, but they have not been adapted to fit
the local needs and affordability.
Figure 5 IDP camp in tsunami affected areas of Sri Lanka (left)
Source: UNHCR/H.J.Davies/June 2005
2.2 Household energy consumption
Household energy consumption is defined by energy use for cooking,
heating and cooling of the space, lighting and also for productive activities. The
size and composition of household energy use varies greatly amongst the
population in developing countries. Some of the factors contributing to the
variation include the differences in disposable income, cultural preferences and
the access to and affordability of fuels and end use devices to meet household
energy needs.
2.2.1 Trends in household energy consumption
Energy consumption per capita is lower in developing countries (333 kg of
oil equivalent) compared to the world average (1,692 kg of oil equivalent) (UN
ESCAP, 2002). In fact, the average per capita energy use in household in
developed countries is about 9 times higher than developing countries. However,
given the high population growth rate and economic development, a substantial
increase in total energy consumption in developing countries, including
household consumption is estimated. Household energy consumption accounts
for 15 to 25% of the primary energy use in developed countries but even a higher
proportion in some developing countries (Dzioubinsk and Chipman,1999). In
several developing countries, such as Armenia, India, Indonesia, Nepal,
Pakistan, Sri Lanka and Vietnam, the residential energy consumption accounts
for some 50 % of the total energy use (UN ESCAP, 2002).
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Figure 6 Trends in per capita household energy consumption in world regions
Source: (Dzioubinsk and Chipman, 1999)
From 1990 to 2001, there has been a marginal increase in the percentage
of household energy consumption in developed countries (from 18.9% to 21.3 %)
but a sharper increase in the developing countries (from 22.9% to 35.7%)
(EarthTrends, 2005).
Population growth and the increasing ownership of appliances with change
in lifestyle have been responsible for this significant increase. Also, policies to
keep energy prices low through subsidies have led to an increase in household
energy demand (Dzioubinsk and Chipman,1999).
2.2.2 Energy access in developing countries
Around 1.6 billion people in the world have no access to electricity (WEA,
2000). 80% of the people without access to the national grid systems or
alternative off-grid applications live in rural areas, predominantly in Sub-Saharan
Africa and South Asia (DFID, 2002).
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Fig. 7 Population without access to electricity by region in 2000 (in millions)
Source: (Ailawadi and Bhattacharyya, 2006)
2.4 billion people rely on biomass as a primary source of energy for heating and
cooking (ITDG, 2002). The following chart shows a strong correlation between
the lack of access to modern energy services, such as electricity, and the
reliance on biomass, such as fuel-wood, agricultural waste and charcoal.
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Fig. 8 Population without access to electricity & relying on biomass
Source: IEA World Energy Outlook (2002a:400)
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The transition from biomass to modern energy services has been
attributed to increase in the income level. The term 'energy ladder' is used in
literature to describe this transition. As the affordability of energy services
increases, either through improvements in income or subsidization of services,
there is a transition from biomass to kerosene, coal and charcoal to LPG, natural
gas and electricity.
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Fig. 9 The Energy Ladder: link between household energy and development
Source: (Rehfuess, 2006)
In reality, the transition from biomass to electricity to meet household
energy needs is not straightforward when considering a cross section of the
population living in rural and urban areas in developing countries. For example,
in the case of developing countries like China, 706 million people still rely on
biomass, even though 18 million people lack access to electricity (Drexler, 2004).
Firstly, the significant reliance on biomass in rural areas is not limited to
low income households only, as there is an over all scarcity of modern energy
services.
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Fig. 10 Percentage of population using solid fuels in some of the world's largest
countries by income quintile in urban (left) and rural (right) locations
Source: (Rehfuess, 2006)
Secondly, even though there is cost of electricity is lower in urban areas
compared to rural areas to encourage a switch from other fuels; households
continue to consume a portfolio of energy sources spanning different points in
the energy ladder. This includes a mix of electricity, purchase fuel-wood and
charcoal and kerosene to meet their household energy needs (Helberg, 2003).
Though people have access to electricity it may not be necessarily reliable (as
can be seen in the case of most developing countries today where there are
power cuts for up to 12 hours in a day). Also, for people living in informal
settlements and on the periphery of urban areas, connections to the electricity
supply may be prohibitively expensive.
Thirdly, even if the fuels are more accessible and affordable for the low-
income households in urban and rural areas, there are still higher up front costs
for appliances, which may constrain the changes in the consumption patterns.
2.2.3 Household energy use
In the case of low income households, whether in rural or urban areas of
developing countries, most of the household energy needs are met by traditional
fuels or a combination of energy sources without a significant reliance on
electricity. The minimal use of electricity extends to lighting, while the modest use
also includes powering appliances such as a radio or television for entertainment,
refrigerator for food preservation, small electric heaters for space heating in cold
climates and fans for cooling in hot climates.
The main activities involved with household energy consumption can be divided
into three categories- (i) cooking, water and space heating, (ii) cooling and (iii)
lighting. Depending on the climatic conditions, the urban rural nature of the
settlement and the income levels- the energy consumption for cooking, space
heating, cooling and lighting differs. The table below highlights some of the
differences:
water heating 9.8 13.5 NA NA 7.5
space heating 0 6.3 44 36 5.7
space cooling 2.6 12 NA NA 1.6
lighting 6.3 19.8 1 3 3.4
other 2.4 11.7 1 6
Table 1. Household energy demand by end use (%)
* (Lefevre et al, 1997), **( Dzioubinsk and Chipman, 1999), ***( Lefevre et al, 1997)
There are a range of fuels and end use devices used to meet the household
energy demand. Thus when assessing the impact of housing energy efficiency
there is a need to translate kWh of energy savings into the units appropriate to
the energy source being used and also recognizing the externalities associated
in the procurement and use of the energy source.
The following table
consumption:
presents the situation vis-a-vis supply side household energy
Table.2 Fuel source and end-use device for main energy consuming household activities
Although the table above depicts the energy/ fuel source and end use device with
a particular activity, there are also situations where there is overlap. For example,
people warm themselves around open fires/ stoves during cooking in the winter
and often use light from such fires for basic visual tasks.
2.3 Externalities associated with household
consumption
In developing countries, the conditions of poor infrastructure and high up front
costs, have constrained current energy demands from being met. As a result
lower income households have to spend higher portion of the available amount of
their income, spend significant amount of time collecting fuel to keep their homes
habitable or else live with greater health and environmental risks. In this section
three main externalities are discussed: economic, health and environmental.
2.3.1 Economic
Although rich households in developing countries spend more on energy services
than the poor, the proportion of the total income that low income households
spend on energy is substantially higher (Rehfuess, 2006).
However, the focus on the value on fuel
expenditure for household use does not fully
capture the economic costs incurred by the low
income households. There are opportunity costs
associated with the collection of fuel-wood. In
South Indian villages, women and children spend
between 2 to 6 hours each day collecting wood
and walk an average of 4 to 8 kilometers (DFID,
2002). While in sub-saharran Africa, women often
carry up to 20 Kg of fuel wood and walk similar
distances every day (ITDG, 2002).
The time lost to the collection and production of
energy services reduces the income of the poor,
because the time could have been better allocated
to socially or economically productive activities
(Drexler, 2004).
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On the other hand, the decreased usability of buildings due to poor comfort
conditions also affects economic productivity. Many people belonging to the low-
income group are occupied in tailoring, shoe making, carpentry etc or petty
vendors and work out of their homes. Their business depends on the comfort
conditions and how well they can operate from their homes. The lack of adequate
lighting especially decreases productivity as simple visual tasks in daily activitiesare affected.
2.3.2 Health
The health externalities associated with household energy consumption are two
fold- those associated with not having adequate comfort conditions and thoseassociated with burning dirty fuels for cooking, heating and lighting.
Firstly, inadequate warmth increases the likelihood of cardiovascular andrespiratory dise s , directly contrieased u ability of buildting to exc ss wings due to poor comfter mor ality (Wu et al,
2004). While, in hot climates, the lack of protection from the extreme outdoor
temperatures can produce conditions of heat cramps, heat exhaustion and heatstrok , which is a medical emergency (US EPA, 2006).
Secondly, at the household level, inhabitants are exposed to excessive levels of
indoor air pollution (lAP) which results from the lack of proper ventilation and the
incomplete combustion of biomass, coal and other fuels used to meet cooking
and heating needs. IAP disproportionately affects women and children, who
spend most of the time indoors around the home hearth and in most cultures; are
responsible for cooking. Globally, IAP ranks fourth in attributable risk to the
global burden of disease.
There are a number of mechanisms by which key pollutants from indoor smoke
result in health externalities, as shown below:
Pollutant Mechanism Potential health effects
Particules (small particles less than . Acute: bronchial irritation, inflammation and * Wheezing, exacerbation of asthma
10 microns, and particularly less than increased reactivity * Respiratory infections
2.5 microns aerodynamic diameter) * Reduced mucociliary clearance Chronic bronchitis and chronic
° Reduced macrophage response and (?)reduced obstructive pulmonary disease
local immunity * Exacerbation of chronic obstructive
S(7) Fibrotic reaction pulmonary disease
Carbon monoxide . Binding with haemoglobin to produce carboxy * Low birth vweight (fetal carboxy-
haemoglobin, which reducesoxygen deliveryto haemoglobin 2-10% or higher)
key organs and the developing fetus. * Increase in perinatal deaths
Polycydic aromatic hydrocarbons, * Carcinogenic • Lung cancer
e.g. benzo[alpyrene * Cancer of mouth, nasopharynx
and laynx
Nitrogen dioxide - Acute exposure increases bronchial reactivity , Wheezing and exacerbation of asthma
* Longertermexposureincreasessusceptibilityto . Respiratory infections
bacterial and viral lung infections * Reduced lung function in children
Sulphur dioxide Acute exposure increases bronchial reactivity * Wheezing and exacerbation of asthma
SLonger term: difficult to dissociate from effects Exacerbation of chronic bstructive pul-
of partides monary disease, cardiovascular disease
Biomass smoke condensates induding Absorption of toxins into lens, leading to * Cataract
polycydic aromatics and metal ions oxidative changes
Table 3. Mechanisms by which some key pollutants in smoke from domestic sources
may increase the risk of respiratory and other health problems
Source: (Bruce, Perez-Pedilla, and Albalak, 2000)
These externalities include acute respiratory infections (ARI), low birth weight
and eye problems. The most glaring of which are ARI, which in developing
countries are the foremost reason for child mortality, causing 2 million deaths
per year (higher than the casualties inflicted by malaria and HIV/ Aids) (Warwick
and Doig, 2004).
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Fig. 13 Deaths from Chronic Pulmonary Obstructive disease due to IAP by region and
gender (left), deaths in children under five years from pneumonia and ARI due to IAP by
region (right)
Source: Rehfuess, E. (2006)
Also, there is an increased risk of fires from using fuel based lighting. Overturned
kerosene lamps and candles can cause catastrophic fires. In India alone, 2.5
million people (350,000) of them children, suffer severe burns each year,
primarily due to overturned kerosene lamps (Energistic Systems, 2006).
2.3.3 Environmental
The impact of household energy consumption on the environment is related to
the type of fuel used for cooking, space heating and water heating purposes.
There are two main environmental externalities associated with household
energy consumption. The first is environmental degradation due to the
procurement of the fuel source and the second is increase in air pollution and
GHG emissions from the combustion of solid fuels.
The increasing consumption of fuel wood has led to excessive deforestation in
certain regions. There is a range of socio-economic impacts associated with
deforestation, which are likely to be exacerbated by climate change. Land
erosion and soil degradation caused by deforestation have displaced many rural
communities along forested areas and the increasing siltation of reservoirs has
reduced hydropower generation capacity. Standing and regeneration of forests
have been affected by the increasing landslides in exposed locations at the time
of torrential rains. Landslides have also frequently disrupted communications. On
the other hand, the clearing of mangrove forests in coastal areas has led to sea
encroachment resulting in a loss of habitat for many marine species that are a
source of livelihood for coastal communities and increased exposure of coastal
infrastructure to storm flooding.
The increased consumption of crop residues and dung with increase in
household energy demand have affected the agricultural practices of low-income
households, who depended on these resources for fertilizer.
The combustion of solid fuels is responsible for high concentrations of particulate
matter, polluting the air. Even though the removal of smoke from within the
household would decrease the exposure of those living inside the house, the
emissions still persist in the surrounding environment. In densely populated
urban areas of developing countries, the increase in consumption of solid fuels
has increased the severity of air pollution (UN-Habitat, 2007). Further, the
incomplete combustion of biomass in low income households is responsible for a
higher proportion of CO2 and other GHG emissions, compared to fossil fuels
such as kerosene and LPG, as shown below.
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Fig.14 Household energy and global warming
Source: (Rehfuess, 2006)
2.4 Need for improvements in energy efficiency of low-
income housing
There an underlying assumption that an increase in per capita energy
consumption correlates with improvements in standards of living. The
relationship between the Human Development Index (HDI) 3 and commercial
energy use was first studied by Carlos Suarez. Suarez's statistical analysis
3 The HDI measures human development with regard to three basic dimensions: long and healthy
life, knowledge and decent standard of living. Life expectancy at birth, adult literacy rate and GDP
per capita (PPP US$) are used to calculate the composite index
showed that energy consumption has an important influence on HDI in the early
stages of development. That is, at a low HDI, dramatic improvements could be
seen with relatively small increases in energy use (Suarez, 1995).
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By taking energy consumption as an indicator of development, there has been a
strong focus on increasing fuel and electricity supply to meet household energy
demand in developing countries. Yet, given the reality of constrained access and
complications in transition to clean and affordable energy solutions in the short
term, the externalities associated with household energy consumption will
continue to persist. These means that low-income households will have
continued exposure to poor indoor conditions and will become increasingly
vulnerable due to the additional poverty burden and climate change. Thus there
is a need to recognize where along the household energy consumption chain,
interventions can be made that will not only save money in the long run, but
improve the indoor conditions and improve the comfort.
The amount of energy consumed per household for various tasks depends on
the efficiency of the fuel and the end-use device- these are a part of the energy
supply equation. However, since housing design, climatic conditions and the size
and occupancy density in the buildings determine the energy demand,
particularly for space heating, cooling and lighting- there is an increasing need to
conserve energy through improvements in household energy efficiency.
Some of the aims and strategies for decreasing household energy demand have
been discussed below.
2.4.1 Cooling
The strategies for minimizing cooling loads and increasing cooling through basic
techniques are important as large factions of the population in the developing
world live in hot dry and hot humid conditions. Many of them suffer discomfort for
significant parts of the year, especially in urban areas, as they live in buildings
without thermal protection and also because they live in areas where the heat
island effect has a higher intensity. However, simple improvements in cooling
techniques and technologies are becoming more pertinent to middle and higher
level income groups who may be relying on air conditioning. This is because of
the increasing energy costs and also the situation of energy shortages.
2.4.2 Heating
Providing affordable warmth to the rural and urban poor in developing countries
is a great challenge. In the case of most low-income housing, district heating is
non-existent. As a result people rely on biomass, coal and kerosene as a heating
source. In the rare case that district heating is available, it is either unreliable or
non-functioning (Wu et al, 2004). That coupled with the increasing energy prices
has also resulted in the continued use of cheaper yet highly polluting fuels. Many
of the externalities mentioned in the previous section relate to the use of low
energy content fuels and inefficient methods for space heating. Improved access
and affordability of cleaner fuels and efficient methods are not sufficient to
decrease the impact of space heating. A concerted effort is required to enhance
the thermal performance and the energy efficiency of low income housing
through simple and affordable building modifications to help lower demand for
space heating in the first place.
2.4.3 Lighting
Previous improvements in lighting conditions and reduction in energy
requirements for lighting have been two fold. First, is the switch from the use of
kerosene lamps or open fires as source of light to electricity based lighting.
Second, is the shift from incandescent lighting to the use of CFL or LED, which
are more energy efficient. However, providing sufficient lighting during the day so
that domestic visual tasks can be conducted and visual comfort of inhabitants is
improved, has not been prioritized. Often in homes, openings are designed such
that there are insufficient lighting levels, glare, improper contrast and poor
distribution of light during the day.
Chapter 3: HOUSING ENERGY EFFICIENCY
& BUILDING ENERGY SIMULATION TOOLS
There are a number of scenarios where attention is required to improve housing
energy efficiency. There is a need to re-evaluate housing design in rural areas
where, in the absence of design briefing and monitoring of quality control, the
energy efficient practices incorporated in traditional architecture are being
compromised due to the shift towards more modern construction materials. Also
it is necessary to ensure that shelter provision and transitional housing to meet
the housing needs of those displaced by conflict or natural disasters, does not
result in poorer housing conditions and an increasing burden to the environment.
Consequently, the growth of informal settlements and the continued habitation of
old and dilapidated buildings as a result of the acute housing shortage in urban
areas, warrants upgrading of housing stock and the construction of new
affordable and improved housing units.
However, despite the opportunity, many of these improvements in low-income
housing are not being realized because of the lack of information and awareness
regarding housing design. Figure 16 shows that at the schematic design stage
the building performance can be improved at a low cost, thus revealing the
importance of early decision-making regarding housing design. If homes are
designed for improved energy efficiency and thermal comfort in the first place,
then not only can the externalities be mitigated but also the costs for adaptation
at later stages can be decreased.
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Figure 16. Influence of early decision making (WBCSD, 2009)
In the case of mass housing projects, there is the opportunity to disseminate and
replicate improved building practices for new construction. While housing energy
intervention programs allow retrofitting of existing housing for improved energy
efficiency. Once simple yet effective improvements in energy efficiency are
identified and prioritized, there is the potential to scale housing intervention
programs to generate the bottom up demand for energy efficient housing.
This chapter looks at the design decision-making process of stakeholders
engaged in housing provision for the low-income group and those interested in
housing energy efficiency improvements in developing countries. Also the value
of building energy simulation tools for guiding initial design decisions are
identified. Lastly, priorities are set for the development of a tool to specifically
address the improvements in energy efficiency of low-income housing in
developing countries.
3.1 Overview of decision making and selection for housing
design
3.1.1 Large scale housing projects
The stakeholders tackling housing issues at a more institutional level and larger
scale are those involved in the upgrading of slums, in housing reconstruction
programs to provide housing to those displaced by conflict or natural disasters or
those involved in providing affordable housing to reduce the expansion of
squatter settlements. However, the provision of housing involves a complex
value chain, as there are a number of stakeholders who are engaged in the
process.
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Figure 17. Complex value chain in housing provision (WBCSD, 2009)
For self-help construction projects, i.e. where inhabitants are encouraged to build
their own homes- design is informed by intuition. Many of the beneficiaries are
the architects and engineers of their own settlements. However, since the
preferences of inhabitants are changing with income levels and with the rural or
urban nature of their housing- the extent to which they are able to evaluate new
techniques and technologies, is limited. Hence design decision making is not
optimized.
In the case of housing provision, though it is targeted towards the beneficiaries,
the lack of briefing of housing design has become a common condition. In many
cases, the architectural solution is already defined from the perspective of a
target costs (Santos, Kistmann and Fischer, 2005). This is either by architects
and designers who are consulted or by contractors who are in charge of housing
delivery. Although the centralization of design allows for the propagation of
following best practices, there is a deviation in actual practice. This is because
the value requirements of the beneficiaries are assessed based on the
contractors or architects prior experience in similar housing projects. On the
basic level, this results in the absence of understanding and delivering a product
that meets the user needs. However, it also reduces the incentive to seek out
more appropriate and cost effective alternatives if a standard approach already
exists. For example in some regions it has become a common practice to
construct walls from cement blocks and roofs from corrugated galvanized iron
(CGI) sheets, even though the use of local sourced materials such mud bricks
and thatch might be more cost effective and appropriate given the climatic
conditions. Thus in some cases, the overwhelming tendency of architects and
contractors especially to homogenize the use of market materials could lead to
costly construction work that is unviable and unlivable for the inhabitants.
3.1.2 Housing energy efficiency interventions
The potential impact that improvements in housing energy efficiency have on
mitigating externalities such as natural resource depletion, GHG emissions,
health risk associated with indoor air pollution and increasing disposable income,
has motivated organizations towards piloting housing interventions amongst
target communities.
These organizations are cognizant of the fact that majority of the population in
developing countries still live on less than $2 a day- thus simple design
techniques and affordable technologies are required to deliver improvements in
energy efficiency. Although, one organization usually drives the piloting of the
intervention, there are still distinct stakeholders who are involved. The distinction
between the role of the different stakeholders is depicted on the following page.
Recipient of servicef services
* flowoffunds (targeted person, other people,
** flow of services employer, private company)
Figure 18. Distinction between different players in providing an intervention
(Hutton & Rehfuess, 2006)
Some of these interventions are more object oriented, i.e. they focus directly on
the improvement of the dwelling (design and construction) through provision of
products or implementation of housing standards. While others are more subject
oriented, focusing on the support of the household, especially in the short term to
avoid acute health risk. Such strategies include providing support to households
to purchase energy for meeting household needs, paying the energy supplier
directly and making energy more cost affordable through controlling costs of
energy by tariff or profit controls (for example, in the case of kerosene
subsidization). However, subject oriented interventions on their own have not
provided an incentive for improving the energy efficiency of the housing stock.
In context of objective interventions, over the past 15 years especially, different
strategies have been developed and there are best practices that are being
promoted by organizations. Some of the recommendations include the use of
insulation, different construction materials fuel-efficient stoves with smoke
extraction, more energy efficient lighting, better orientation and installation of
windows and the incorporation of passive solar design. Energy savings from
some of the different strategies have been estimated and compared relative to
the climatic conditions and the construction type. See Figures 19 to 22.
Figure 19. Improvements
in thermal efficiency of
low-cost shacks (Mathews
et al, 1999)
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Figure 20. Improvements
in energy efficiency of
low-income housing-
South Africa (Mathews et
al, 1998)
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Figure 21. Reduction in energy consumption of housing in Afghanistan (Nienhuys,
2009)
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The recommenda tions illustrated previously can guide design decision making to
an extent depending on the context. Given the variance on climatic conditions
f -. m rTitoccupancy and housing design, there are no set solutions but a range of options
AO|P It*(.* "itns AT414S ?+* eeThe recommendations illustrated previously can guide design decision making to
an etent depending on the context. iven the variaons, there climatic conditions
and individual preferences that factor in perceptions of thermal comfort,
occupancy and housing design, there are no set solutions but a range of options
for improving energy efficiency. How does one go about selecting
interventions that would be suitable for the given context?
To support the implementation of objective interventions, there is information
available in the form of intervention studies. However, the extent to which such
intervention studies can be relied on for guiding prioritization of future housing
design interventions is limited.
Firstly, in the short term it is difficult to prove causality and quantify the benefits
specific to the intervention, especially when gauging health risk reduction. This
results in a reliance on proxy measures but such measures cannot be used as a
focal point for comparing different interventions. For example, it is difficult to
attribute reduction in health risk due to insulation improvements of a house using
reduction in fuel-wood consumption as a proxy measure, if indoor air pollution
persists because of lack of adequate ventilation or means of smoke extraction.
Extending the analysis further, it becomes even more obscure to try and
measure if roof insulation or wall insulation in the given situation would be more
cost effective for delivering the proposed health benefits. This is because of the
residential confounding potential used in the observational design to study
disease linked to poverty and the intense capital and long latency period required
to collect epidemiological evidence, do not allow the accurate short term
feedback that is required.
Secondly, at times there is greater emphasis placed on meeting financial
deadlines for donor organizations than on the community prioritization of
interventions. Since the interventions might not reflect the priorities of the
community, the successful implementation and sustainability of interventions are
limited.
Thirdly, such studies rarely consider the opportunity costs, i.e. the additional
value that could be derived from the selected intervention as compared to
alternative interventions on which money could have been spent.
Thus the promotion of object-oriented interventions has been constrained
because of the lack of access to information on the effectiveness of the
intervention, which is required by change agents to buy into the need for
prioritization and replication and by funders to increase investment capacity to
cover the capital costs and the recurrent expenditure associated with piloting and
running the intervention program.
An alternative that has been studied and tested by those interested in promoting
building energy efficiency, is the use of building energy simulation tools to
provide a first order estimate of the energy requirements associated with the
application of different design strategies and the use of different technologies.
3.2 Building energy simulation tools
3.2.1 Value of building energy simulation tools in the design
process
Building energy simulation tools can serve an important role as an educational
tool for informal learning about energy efficiency, through carrying out virtual
experiments that are relevant for design decision questions. They can be used to
at the initial design stage to estimate the energy requirements associated with
different buildings and thus provide an objective comparison of performance of
different designs.
Organizations piloting housing energy efficiency interventions would benefit from
the use of such tools, since data exchange is simplified through automation.
Taking simple user inputs, the dynamic simulation perform complex calculations
over short processing time to provide an estimate of how the building will
perform. Thus the financial and time constraints to receive feedback on building
performance are minimized. This would allow organizations a more efficient
means of investigating which initiatives have the potential for providing improved
energy savings and indoor comfort conditions, instead of relying on experts or
consultants for the assessment or insufficient data from the evaluation of piloted
intervention.
3.2.2 Description of current building energy simulation tools
Over the past two decades, there has been development and promotion of
building energy simulation tools, ranging in complexity and accuracy, to guide
improvements in design. However, in practice, in most developing countries the
use of such building energy simulation tools has been limited to post construction
assessment of high-end commercial and residential construction and not to
support the choice of energy saving components, especially for the case of low-
income housing.
On the other hand, separate from the design process, tools have been developed
and simulations have been run by experts to compare the performance of
different improvements on energy consumption and initiate discussion of some of
the tradeoffs associated with low-income housing design in developing countries.
These tools serve different application domains and some tools were custom
made for the purpose of the study. Some of the tools discussed below include
design-based tools, more technical tools for gauging thermal performance and
tools for rating design. They have been listed here based on reference in
literature and by architects interest in energy efficient design in developing
countries. However, there is no general consensus of which would be more
appropriate to consult for answers in improvements in energy efficiency and
thermal comfort for large low income housing stock in developing countries.
Design based, requiring graphical model inputs and design parameters
EcoTect is a building design tool that
covers aspects from building design to
environmental analysis and simulation. It
is aimed at providing feedback to the
user at the conceptual design level. As
more detailed design information
becomes available, more features of the
tool can be used to provide better
guidance on the design. There is a range
of features that are included, such as
thermal analysis, solar exposure
material costs, resource consumption,
acoustic performance etc. However, the
tool is very complicated, as the user
needs to be aware of the different
modeling data requirements in order to
get the first round of results. Also, it is
not possible to compare different cases
and note the changes in energy
efficiency related to design. Figure 23. Ecotect Interface
TAS is another building energy simulation tool that requires the import of 3-D
design. Through simulating the thermal state of a building on an hourly basis,
TAS determines the acceptable U-Value of materials in cases where buildings
are not air-conditioned and also assesses the impact of building parameters on
the thermal performance of the fagade. TAS goes beyond providing a first order
estimate as it considers a range of factors and the influence of these factors on
air temperature, mean radiant temperature, surface temperature, condensation
risk, sensible and latent loads and energy consumption.
IES_VE is an open source building energy simulation tool that provides building
energy usage and carbon dioxide assessment. However, to provide such output,
the geometry data of the building, the location, the definition of the building and
room type, the construction material and details of the heating and cooling
system need to be imported. The tool is not really option based and even though
there are many different building parameters, it is difficult to make changes
without having to alter the model. Also, the specific energy needs for heating,
cooling and lighting are not analyzed as the focus is more on total energy
consumption and CO02 emissions. This tools was used to assess the applicability
of passive cooling techniques of two sites in Brazil.
Technical- focus on thermal performance, requiring expertise to simulate design
Building ToolBox contains a library of simulation models for modeling heat, air
and moisture phenomenon within buildings. The categories that are represented
for building design include the type of construction, zones, systems and gains.
The tool can be used to simulate performance of singular components or
investigate the performance of the entire building. This program was used to
simulate a model class room in Peshawar, Pakistan. Recommendations made for
reducing heating gains during the summer included white painting the roof and
using night ventilation , while the use of roof insulation and shutters for windows
was suggested for minimizing heat loss during the winter.
EnergyPlus ,a building energy simulation tool released by the US Department of
Energy, requires detailed information from the user to perform whole building
energy simulation and performance analysis. However, the user has to have a
detailed understanding of the simulation process to make useful design
comparisons (Urban, 2007).
TEMM-Quickcontrol focuses more on the control side through building energy
simulation, i.e. on energy management strategies such as scheduling,
temperature rest, setback, load limiting etc. However, the user needs to be
experienced to perform a fully integrated simulation for a complete building. If the
data base already has components for investigation already set up then the
simulation can be very fast, however, it can take up to a day and a half. This tool
was used to evaluate the energy efficiency of ultra low cost housing in South
Africa, specifically of insulation use. Out of the different construction materials ,
the use of mud thatch, plywood, glass reinforced concrete and polystyrene was
suggested based on the assessment of impact on thermal comfort level and
energy consumption during the winter. For roofs without ceilings, the application
for low absorptivity paint on the outer surface and use of aluminum foil on the
inner surface, were recommended (Mathews et al ,1995).
Additional simulation and analysis of passive cooling of roof in arid regions of
Rajasthan was presented in (Jain, 2006) and building energy simulation code to
analysis composite wall was developed to simulate energy savings in Iranian
buildings using integrative modeling for insulation (Farhanieh and Sattar, 2006)
Tools for rating
EcoHomes looks into the energy credit and rating system associated with
particular designs for new, converted or renovated homes. This tool was used
for energy performance analysis for low income bioclimatic dwellings in Mexico
(Horita, 2005).
CASBEE tools were developed to award assessment to buildings and enhance
the incentives for designers. The tool was designed keeping simple input
procedure in mind and applicability to a wide range of buildings while taking into
consideration the issues specific to Japan and other parts of Asia. It also looks at
a range of stages in the design process - including pre-design (environmental
performance and site selection), new construction, existing building and
renovation.. This tool was used for energy performance analysis for low income
bioclimatic dwellings in Mexico (Horita, 2005).
3.2.3 Limitations of current tools
Though the building energy simulation tools mentioned above have been
valuable in evaluating specific cases, there are limitations to their wide spread
applicability and use for estimating the thermal comfort of different design options
(building materials and forms) for different preferences (occupancy levels,
comfort conditions and ventilation schemes) under varying climatic and
geographic conditions in developing countries.
Most tools are not appropriate for the given context and do not reflect the design
priorities of the stakeholders
Since most tools are developed without incorporating user defined scenarios and
specific analysis requests, their use in actual design activities is constrained.
Also, exogenous factors such as the variability in the physical environment and
endogenous factors such as the varying construction characteristics are not
integrated in most tools, thereby decreasing the flexibility and the
appropriateness of the simulations.
The estimates provided by simulation models are often not clear and
understandable by the user
The interface of simulation tools are often not designed to guide decision making-
i.e. rarely is there information available on the selection of design parameters
and their potential impact on the building's thermal performance. On the other
hand, some simulation tools may only be able to provide feedback on particular
components and not the whole design. Thus, the user has difficulty in tracking
design changes and understanding their impact on building energy consumption.
For these reasons, the trust in computational skills and the reliance on such tools
for guiding initial design decision making can curtail the use of simulation
The complexity of tools leads to confusion and frustration, which limits the
educational impact
The cumbersome interface and largely numeric data inputs can be overwhelming
and baffling for users who are more design oriented. It can also prevent others
who have a basic understanding of design but who do not have the expertise to
model different design requirements, from using the tool. For example, users
may not have the proficiency or the resources available to generate 3-D models
to be used as input by such tools. Also the long process times, associated with
more detailed simulations, can reduce the usability of tools.
Poor access to energy simulation tools in developing countries
Many of the computational models and energy simulation tools are not available
to architects and other decision makers involved with low income housing
projects in developing countries. Also the cost of purchasing the software and
updated versions prevents the dissemination of such software and of sharing
results that could otherwise be very valuable to guide better design decision-
making.
3.2.4 Review of MIT Design Advisor
The MIT Design Advisor was developed as a simple and rapid building energy
simulation tool to assist developers in the early stages of design by enabling
them to conceptualize their building, simulate it and analyze energy consumption.
The tool is designed such that through specifying the important building
parameters, the user can make educated comparison of different designs without
knowing the technical terminology associated with building energy simulation
tools.
The user navigates through the set-up and default options page, to select the
building options and saves the specific case under a scenario option. On saving
the scenario, the data is sent to a simulation engine and the calculation
procedure begins. More details of the interface and the calculation procedure
can be found in the next chapter. Once the simulation is complete the user can
navigate through the interface to view the results for the energy, natural
ventilation, day lighting, thermal comfort, life-cycle costs results associated with
the particular design. Also, the user can repeat the process and hence have the
ability to compare the performance of different designs side by side.
The design parameters used by the current version of the MIT Design Advisor,
range from simple to more advanced forms that are suited for high end
commercial and residential construction. However, the architecture of the
interface and the simulation engine, allows changes to be made to adapt the
design parameters to what would be more appropriate in the context and
desirable for assessment.
Since the MIT Design Advisor makes the process of defining the building simpler
for the user, provides instant feedback and also has the flexibility to include
additional design parameters- it has potential to be developed further to provide
more appropriate advice at the initial design stage than existing tools used to
simulate the energy consumption of low income housing in developing countries.
Some of the means to address the limitations of existing tools and to optimize
the performance of the MIT Design Advisor in the context of evaluating energy
efficiency of low income housing, have been mentioned below. These have been
used to identify and prioritize certain features in the development of a new
version of the MIT Design Advisor, which has been discussed in the next
chapter.
3.2.5 Priorities for development of MIT Design Advisor
Usability
1. Define the interface such that minimal input is required, so that the user
can run cases without having the detailed knowledge of the simulation
procedures and without needing to re-enter the input again. Also ensure
that the output is more graphical and less quantitative.
2. Enhance the interactivity of the tool to provide content-guided exploration
of the autonomous learners.
3. Allow the user to simulate the whole building instead of a single
component, to make a more accurate assessment of the impact of design
change on total energy consumption. However, still maintain the option of
the user to assess how energy consumption changes with different
options for a particular component, through the case comparison of
results.
4. Check that with the addition of more advanced options the time to run a
simulation case does not exceed more than 2 minutes.
5. Increase the usability of the tool in the design process through
supplementing with documentation and interactive help and surveying to
elicit feedback from users.
Accuracy and appropriateness:
1. Make changes to the existing simulation engine to compute energy
requirements for single story construction (add roof and floor module).
Adapt the interface to reflect these changes.
2. Make changes to the inputs to include the various locations, construction
types (materials for walls, roof and floor) that are descriptive of low income
housing and also of adaptive architecture and climatic design in
developing countries.
3. Add implications of energy consumption (amount of fuel consumed and
resultant emissions) to life cycle assessment for those interested in
understanding at the basic level of the externalities associated with
changes in energy requirements and thermal comfort due to design
changes.
4. Consult with results from previous studies and compare with simulations
from different programs to validate the model.
Access
1. Develop a open source stand-alone version of the tool and provide the
option for it to be downloaded from the internet. Thereby addressing the
constraint of requiring constant Internet access to run the simulation and
assess design energy requirements, which is the case for the current web-
based version.
2. Understand the channels through which such tools could be disseminated
-i.e. the mechanisms that would make it easier to get the tool in the hands
of the people in developing countries who could make use of it.
Chapter 4: DEVELOPMENT OF THE DESIGN ADVISOR
The version of the MIT Design Advisor developed for the purpose of this
research, is a stand-alone executable version- i.e. the program can run off the
desktop of a personal computer and is not dependent on the Internet for
accessing the program.
The program is divided into two main sections. The top section holds the display
and the navigation toolbar, which allows the user to access the set-up and the
results pages. While the boxes at the bottom of the page, save the specified
scenario and also display a short description of the scenario after it has been run.
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Figure 24. Main page of the MIT Design Advisor
The display includes a summary of the building- the location and orientation, the
occupancy details, the room description and also an overview of the floor, wall,
window and roof construction. This summary is useful as a reference when users
are comparing the results from different design parameters.
INPUTS
Zone Configuration
Building
DESCRIPTION
One zone confined to a single side of a building
Location: select nearest city for climate data
Building Dimensions: NS and EW lengths
Building type: select single or multi story building (to
determine if roof and floor effects to be accounted for)
Number of floors: select number of floors
Quality of Construction: low, medium, high
Primary fagade orientation: N,S, E & W
Room dimensions: depth, width and height
Window
Wall
Floor
Roof
Occupancy
Ventilation
Type: single, double, triple glazed or double skin fagade
Coating: clear, low-e etc
Glazed area: as a percentage of the wall
Thermal mass: specify none, low, standard, high
Wall material: select construction material
Wall insulation placement: none, interior, exterior
Wall insulation R-Value: specify value or select from option
Thermal mass: specify low, medium or high
Insulation: specify use of perimeter insulation
Thermal mass: specify none, low, standard, high
Roof material: select construction material
Roof insulation placement: none, interior, exterior
Roof insulation R-Value: specify value
Occupancy density: number of people per floor area
Equipment load: watts per floor area
Minimum lighting requirement: Lux
Occupancy schedule: hours of occupancy
Mechanical heating and cooling
Natural cooling and mechanical heating
Hybrid mechanical and natural ventilation
Table 4. Basic input options
Room
4.1 Interface inputs
4.1.1 Description of the building parameters
Selecting a default case
This feature was added for the user to decrease the time spent entering the input
data by selecting a case based on a pre-defined option. The two predefined
cases included in the program at the time of writing, are for low-income housing
in Abu Dhabi and housing in Northern Areas of Pakistan. The motivation behind
the selection of these two cases and the results from the simulations are
discussed in the next chapter.
The interface allows for input options to be set according to the case selected.
The checkboxes displayed for the particular default option represent some of the
design strategies that have been recommended for reducing heating loads in the
winter or cooling loads in the summer. Also by checking the boxes, the base-line
case is further modified to include the changes.
1. DEFINE your buildine by ansnerino the questions on this SETUP page.
Low-income housing Abu Dhabi V
R housing Northern Pakistan
Figure 25. View of the Default page and options
Setting the location
The current web-based version allow for buildings to be simulated in a range of
cities in different countries. However, in the current selection, most of the cities
are limited to the developed world and though some of growing urban centers in
developing countries are included, cities in Africa and Central Asia (where there
is the greatest growth rate of informal settlements and also increasing demand
for energy) are not. Since the location of the building, determines the outdoor
weather conditions that are used to calculate the heating and cooling loads
associated with the building design, there was a need to include a wider range of
cities. Also, in the case where standardized construction practices are promoted
either throughout a country or region, the option for evaluating the design at
different locations would provide further insight and guidance for customization of
design depending on location. See Appendix 2 for a complete listing of the cities
and related population data. Also a listing of heating and cooling days has been
included to illustrate the varying climate and energy needs.
Setting occupancy conditions
The occupancy conditions can affect the energy requirements for maintaining
comfort conditions for a given building. The number of people present(represented by person density), the lighting requirement and the equipment
determine the internal loads, i.e. the amount of heat generated within the
building, that either increase the cooling load in the summer or decrease the
heating requirements in the winter and the different combination of these
selections can yield a variety of results. For these options, descriptions have
been included to supplement the selection of the closest occupancy conditions to
real life.
The occupancy schedule sets the time/ duration, which the building is occupied
and for which the comfort conditions need to be maintained. Selecting the
appropriate occupancy schedule is important when considering the energy use in
low-income housing. For example, for the case of housing for construction
workers in Abu Dhabi, maintaining comfort conditions at night when the workers
return to sleep after spending the day on the construction site is more important
than during the day. While in Northern Pakistan, the occupancy during the day
requires attention as women and children spend most of their time indoors and
thus will affected by indoor conditions during the day.
There is the option to select particular occupancy scenarios that have predefined
values for the occupancy schedule, density, lighting levels and equipment loads.
These pre-defined scenarios can also be used as a reference when setting
parameters individually.
Selecting an appropriate ventilation system
There are three types of ventilation systems represented- mechanical ventilation
and cooling, natural cooling and mechanical heating and a hybrid of the two. The
mechanical system operates independent of the occupant, i.e. the windows are
not operable and the heating and cooling loads are both handled by the
mechanical system. While for a naturally ventilated building, the windows are
opened to allow cooling through the flow of outdoor air. Night-time ventilation in
the summer, when the air temperature is lower, is a strategy used by most
occupants. The hybrid ventilation option assumes that the windows are opened
and closed to assist with the temperature modulation. For the case of developed
countries, the use of hybrid ventilation combines mechanical cooling and natural
ventilation and is automated by using controls and sensors. However, in
developing countries, the occupants of buildings are sensitized to the changing
indoor conditions and control the opening and closing of windows accordingly.
The maximum and minimum indoor temperatures and air changes during
occupation and when the building is un-occupied set the comfort conditions.
Though there are recommendations of what an acceptable indoor air
temperature range and ventilation rate would be, the perceptions of thermal
comfort vary. Thus the user has the control over setting the temperature range
and air change rate accordingly. The case where the temperature range and air
change rate differ for occupied and un-occupied conditions, setback
temperatures are applied, where the building is allowed to over heat or cool
during the time of no occupancy and be conditioned to reduce heating/cooling
loads during the occupied hours.
Selecting the correct building type
The type of buildings for low-income housing varies from units in multi-story
buildings to single story homes. The user has flexibility over selecting the
number of stories the building has and accordingly, defining the floor and roof
modules. At the time of writing, four types of simulation were possible:
* Multi-story construction (mid-floor), for which only the wall, window and the
floor thermal mass parameters need to be defined. It is assumed that the heat
transfer through the roof and the floor is negligible since the rooms on the
levels above and below are at the same indoor temperature.
* Multi-story construction (top-floor), where the room is located on the top floor
of a multi-story building. In addition the roof parameters need to be defined as
the heat transfer between the indoors to the outdoor environment through the
roof is possible. It is assumed that the heat transfer through the floor is
negligible since the rooms below are at the same indoor temperature.
* Multi-story construction (ground-floor), where the room is located on the
ground floor of a multi-story building. Since the room is located on the ground
floor, the floor acts as a passage for heat transfer between the indoor and
outdoor environment. It is assumed that heat transfer from the room is not
through the thickness of the slab but rather through the perimeter of the room
and that the heat transfer through the roof is negligible since the rooms on the
levels above are at the same indoor temperature.
* Single-story construction, for which all components need to be defined.
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Figure 26. View of selecting the building type option on the main setup page
Also the user has the option of specifying the quality of construction, since in the
case of most construction amongst the low-income group the quality of
installation and finish varies. At times the poor installation of building components(i.e. fitting of windows and doors and wall finish) can lead to increased infiltration
of air from the outside. In the winter, such leaky construction can increase the
heating requirements for the building. Through this option, users can assess
what impact would be of filling and sealing existing gaps in the construction or
choosing components that create a more airtight environment. The table below
illustrates the different air change rates associated with the quality of
construction:
Table 5. Quality of construction and air infiltration
4.1.2 Description of the building components
The selection of building designs requires being cognizant of the different
construction types in developing countries - what building materials are used to
construct the floors, walls and roof.
In the case of the previous version of the MIT Design Advisor, the thermal mass
effects of the wall were ignored and the heat transfer from the ground and roof
were assumed to be negligible. However, these assumptions are not applicable
when estimating the energy requirements for low income housing construction as
the materials often used for wall construction do have thermal mass. Also, since
many homes are individual single storey units, the roof effects cannot be ignored.
Additionally, whether it be for the floors, walls or roof- the amount of thermal
mass can determine how and when heating and cooling loads are required. On
the other hand the insulation of different components for reducing thermal loads
depends on the placement and on the R-value of the insulation. Thus
improvements in building energy efficiency need to take these subtitles into
account and the user interface should guide the user to designing for these
options in order to identify design priorities specific to that case.
Floor
Through selecting the different size of thermal mass for the floor, the user sets
how much solar radiation is absorbed by the thermal mass and in the case of
certain climates, how much the thermal mass contributes to the reduction of
thermal loads. Aside from the description of the thermal mass for the floor- if the
room belongs to either a single story home or is located at the ground floor of a
multi-story building, then the user is presented with the option to insulate the
perimeter of the floor. Whether or not the floor is insulated at the perimeter would
affect the heat transfer from the slab to the ground and hence the net heating/
cooling load as well.
Wall
Thermal mass and wall material: The user has the option to select the thickness
and the material for the wall. If the wall does not use any of the heavy
construction materials or consists of lightweight construction, the 'no mass'
option for the type of wall and the 'light construction' for the wall material should
be selected. The user can then choose an appropriate R-value for the wall
through the wall insulation calculator.
IPlywood I NAI 0.13Straw Bale NA 0.0625
Table 6. Wall material properties
Figure 27. View of wall description option on the main setup page
Wall insulation: An insulation selector and R-Value calculator was developed to
assist the user in defining the wall insulation. As a first option, the user can select
the R-Value based on recommended values for different construction types- for
example high insulation by commercial standards or low insulation for residential
standards. Secondly, depending on the type and thickness of the material used
the user can calculate the R-Value for the insulation. The options presented
include: walls without insulation (plywood, hardboard), walls with rigid insulation(EPS, straw panel) and walls with cavity insulation (loose straw, plastic etc). The
user also has the option for setting a desired R-Value separately as well.
Figure 28. View of wall insulation option on the main setup page
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Straw panel 120 0.042 ~23.8
Loose straw 240 0.07-0.08 "13.3
Waste plastic,
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Table 7. Wall insulation properties
Windows
In the previous version of the MIT Design Advisor, the window
the typology, glass color or coating and the area.
was specified by
For typology, six options included are single glazed, double glazed, triple glazed,
with and without internal blinds. Also, the double skin facades with interior and
exterior ventilation were included. Although most of these options are
representative of more advanced fenestrations and forms, for most low-income
housing construction in developing countries only single glazed windows, if at all,
are used. However, use of double paned windows has been promoted amongst
low-income communities living in cold climates to reduce the heat loss to the
environment, as single paned windows are highly conductive.
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BACIP manual promoting use of double glazed windows
(Sedky, 2001)
The different type of glass color or glazing would change the optical properties of
the window and hence influence the solar heat gains and losses. It would also
alter the amount of visible light that is transmitted into the room. In developing
countries, windows with coating have been promoted in some multi-story
construction to reduce the heat gains and the glare from window during the
summer.
8. Window Description A d O
Window Area: 50 % of /exr Ior wal area A .. edB.nd.n.:
Select a Window Type: single glazed (no blinds)
Glass Type: Ldear.
Overhang j D istance: to m .. .. o M
Figure 30. View of window description option on the main setup page
Changes to the specific window area would not only affect the envelope
gains/losses but also the amount of solar energy that is transmitted to the
thermal mass and the area of the conditions for day-lighting as well. The amount
of window area for many homes, especially in more rural areas, is determined by
availability and the cost of the glazing.
The use of overhang to reduce incident solar radiation on the surface of the wall
would also change the heat gains during the summer months, when the sun is in
it's high azimuth but would still allow during the winter when the sun is in the
lower horizon. Homes that are constructed with pitched roofs often have an
overhang as well.
For homes in slum areas or more remote regions of developing countries, the
windows are merely openings and have no glazing. To model such windows,
clear single glazed windows and the option that the window remains open is
selected.
Roof
The thermal model for roofs developed by Steve Ray has been included, as have
been some additional roof construction types. There are a range of different
corrugated galvanized iron (CGI) roofs that have been listed, as the heat transfer
from the metallic CGI roofs changes as the sheet becomes dirtier on the inside
due to the accumulation of soot. The mud CGI option, represents roof
construction where a couple of inches of mud are compacted on top of the roof- a
common practice used to improve the thermal efficiency of the roof. There is also
the option to select the placement of the roof insulation.
Figure 31. View of selecting the building type option on the main setup page
Cool 2,024,000 0.714 0.95 0.74
Heavy Earthen 1,353,000 1 0.88 0.4
Mud on CGI 1,120,000 1.33 0.88 0.37
Just insulation NA (variable) 0.23 0.37
Old CGI NA 0.0185 0.28 0.88
Painted CGI NA 0.0185 0.78 0.78
Table 8. Roof materials
Notes on standards
Next to the selection of the occupancy conditions, references have been made to
instruct on simulation of specific cases. Since the tool aims to create awareness
about improved practices in low-income housing design, the note on minimum
standards for occupancy and ventilation have also been included.
Notes on controls and more advanced building options
In advanced buildings, the blind and ventilation settings are adjusted on an
hourly basis to minimize the heating and cooling energy requirements. However,
for most low income housing as occupants have control over the building
function, they schedule the use of lights, blinds, open windows particularly only
when needed.
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4.2 Interface results
4.2.1 Energy: annual and monthly
The importance of assessing the energy requirements for buildings at the initial
design has been discussed in detail previously.
The energy results presented are for the primary energy requirement per m2 of
the building floor area and not the total site energy. The annual energy
requirements for heating, cooling and lighting are displayed on the energy page
by clicking the ' A ' button. The monthly energy requirements can also be viewed
by clicking the ' * ' button, displayed under each scenario. The grey bars
represent the total heating, cooling and lighting loads while the colored bars
represent the individual loads for lighting. The display of the monthly energy
requirements makes it easier for the user to deduce the energy requirements that
are dominant during a particular season and also gauging during which months
the peak energy loads may arise. Also better energy planning can be enabled
with an improved understanding of the distribution of energy requirements for
heating, cooling and lighting.
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Figure 32. Presentation of annual and monthly energy results
4.2.2 Thermal Comfort
Despite the maintenance of comfortable indoor temperature, it is possible that
the occupants experience discomfort if the surround building surfaces are at
significantly higher or lower temperature than the occupant's body temperature.
The perceived comfort is computed for different parts of the room, assuming that
at the middle of the room the air temperature is set for maximum comfort. The
overheating of buildings during the summer or the excessive heat loss from the
building envelope can is further indicated through such graphical representation.
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Figure 33. Presentation of thermal comfort results
4.2.3 Natural Ventilation
k of room
k of room
In many developing countries, people rely on the natural cooling of buildings
through ventilation. For such conditions, the number of hours in the year at a
certain temperature are computed and displayed, to enable the user to compare
how many hours the air temperature is above the T
required comfort range. Such data can help in
determining if natural ventilation is suitable for a given
climate. ,so
Also, the assessment of the thermal comfort under
conditions of natural ventilation can help the user to
gauge if the usability of the building is going to be
compromised or in extreme cases if occupant health will
be impacted, if alternative options to cool the building
are not present.
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Figure 34. Presentation of natural
ventilation results
4.2.4 Day-lighting: work-plane and room
The model computes the distribution for day-lighting in the space and displays it
in the form of a 2-D view of the work plane and a 3-D view of the room facing the
window, for various times of the day during the year. For simplifying the day-
C
lighting model, strip windows (with width equivalent to that of the room), are
used.
The comparison of day-lighting results for different designs is useful not only from
the point of view of minimizing the use of artificial lighting and conserving energy
but also for realizing how the different window parameters affect lighting levels
and distribution in the room. For example, in the case where window size is
increased to maximize solar gains during the day, whether or not there is glare
that would affect the visual comfort of the occupants, can be identified. Also, in
for the situation where window size is reduced or orientation is changed to
minimize heat loss through the window, the impact on day-lighting should be
observed as well. For the case of low income households, day-lighting does not
only have a positive psychological impact but it also increased productivity as
visual tasks become easier for inhabitants who are running businesses out of
their homes.
Figure 35. Presentation of day-lighting results for work-plane (left) and room (right)
4.2.5 Lifecycle
The life cycle results calculate the first year and life cycle energy costs for the
building and the yearly C02 emissions associated with the energy consumption
to meet the heating, cooling and lighting loads.
Cost of Heating 1.00 $ per therm Years of Operation 15 years
Cost of Electricity 0.18 $ per kWh Discount Rate 5.0 % per ye*
C02 Emission Rate 0.2 kg per kWh
Figure 36. Input options for calculating lifecycle energy costs and emissions
Figure 37. View of first year energy cost results
For the case of developing countries the energy costs and associated emissions,
especially those for heating, need to be put into context. In the current version of
the design advisor heating costs are calculated on a cost per unit therm basis. In
developing countries, these costs would not be representative of those borne by
the inhabitants (cost of fuel, increased health risk due to indoor air pollution) and
the environment (increase in GHG emissions), since different types of fuels and
end use devices are used for heating purposes. Through linking heating energy
requirement to the delivered heating energy for the fuel-device combination- the
amount of fuel required and the associated emissions were estimated.
Heatin consumption implications (per m2 of building): Back to lifecycle parameters
Sarce for hetin:
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Amounk (K):
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Figure 38. View of option in lifecycle results for estimating externalities
The following table highlights the different fuel/heating device combinations used:
Heating 0,6 $1m2
30 Cooling 47,9 $m2
Lighting 1 fm2
20 Total 51,6 $mZ2
10
0
a
0
0
0
a
igas1 0.574 0.354
LPG 0.536 0.147
Kerosene 0.5 0.167
Charcoal angethi 0.175 0.800
Briquette (wo angethi 0.164 1.378
Dung traditional mud 0.094 3.257
ventilated mud 0.1 3.061
ventilated ceramic 0.128 2.392
Rice traditional mud 0.0981 2.819
jventilated mud 0.109 2.535
Eucalyptus 3R- open 0.177 1.327
ventilated mud 0.22 1.067
ventilated ceramic 0.287 0.818
metal stove 0.124 1.894
Acacia 3R- open 0.181 1.317
traditional mud 0.182 1.310
ventilated mud 0.235 1.015
ventilated ceramic 0.29 0.822
metal stove 0.257 0.928
Table 9. Different fuels and heating device combinations
(adapted from: Smith et al, 2000)
See Appendix 2 for more details on emissions from devices.
Also, the option to calculate the payback for different interventions was included
as a part of the lifecycle results. This was to provide the user with an estimate of
the time that investments in energy efficiency improvements (for insulation
specifically) would break even. In order to convince users of insulation use, it is
not only important to convince the them of utility of in terms of energy savings but
also of the feasibility of the investment based on the pay back offered through
those savings. That is, if the upfront costs are paid then how much time passes
before the costs are paid back in savings? The savings back of ... is desired
Comparison between: Scenaro One AND: Scenano Two
Annual energy savings:$ 697,
Cost of intervention 375,0
Type of intervention: Insuation (roof)
Material & installation cost: 5 m2
Area: 25,0 m2
... . . .
Payback: 0.Syears
C.aate net cost &p.back
Badc to lifecy e paameter
Figure 39. View of option in lifecycle results for calculating payback
In addition, for stakeholders interested in providing finance to cover the costs,
along with the baseline socio-economic data for the community, such information
can help in planning and structuring of credit and loans so that they are
recovered without the use of high interest rates.
4.3 Simulation procedure
After the user saves the building scenario, the saved inputs are transferred to the
simulation engine. First weather data for the given location is retrieved and the
hourly internal loads (occupancy, equipment and lighting) are computed. If the
building components have thermal mass then the gains from those building
components and the ventilation gains are computed every minute. If there is no
thermal mass, then the gains from the envelope, floor and roof are computed
every 15 minutes. Taking these heat gains into account, the new indoor
temperature is determined. If this temperature is above/ floor the desired range
set by the user, then the cooling/ heating load to maintain the indoor temperature
is calculated. For advanced buildings, the blind and ventilation settings are
adjusted on an hourly basis to minimize the heating and cooling energy
requirements. See figure 40.
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Figure 40. Simulation procedure
Adapted from (Urban, 2007)
4.4 Additions to existing energy model
Since the current energy model was adapted from the web-based application,
more details regarding the modeling of thermal mass, artificial lighting and
envelope loads along with sample outputs and validation of the models is
referenced in (Urban, 2007). See Appendix 4 for energy model for heat transfer
through CGI roof.
4.4.1 Heat transfer through the ground
In the case of single story construction, the heat transfer at the perimeter
of the floor is modeled as:
qperinmeer = FPAT (1)
, where AT is the temperature difference between the indoor and outdoor
temperature, P is the perimeter area and F is the perimeter heat transfer
coefficient factor that depends on 3 factors- the type of wall construction,
the amount of slab perimeter insulation and the number of heating degree
days at the buildings locality. The values include:
Perimeter with 0.83 0.86 0.97
R=O. 95(Km2/W) I I II
Table 10 . Perimeter loss factor values depending on insulation
(HDD) (Smith, 2004)
and heating degree days
Chapter 5: Basic Simulation results
Comparing Design Strategies
This chapter presents a sample of simulation results to give the reader a better
feel for the intended use of the program. It also compares the performance of
building design estimated by the MIT Design Advisor to prior simulation results
and also evaluates some of the recommendations put forth by stakeholders
engaged in the housing energy efficiency discussions. Alongside, there are two
cases for housing in Abu Dhabi and Northern Pakistan that have been discussed
in greater detail show the flexibility of the MIT Design advisor for evaluating
design. The motivation behind evaluating these cases have been described and
the results have been discussed in context of the current decision making
process.
The combination of these strategies and the analysis vis-a-vis reduction and
trade-offs in energy requirements has been made through the use of the building
energy simulation program.
5.1 Low-income housing in Abu Dhabi
5.1.1 Background
The United Arab Emirates is a country
that is rich in fossil fuels and it also has
one of the highest energy intensities per
capita in the world. Currently the
inhabitants in Abu Dhabi consume
extreme amounts of energy in air-
conditioning the buildings when
temperatures in the summer go up to 40
Figure 41. Labor camp Abu Dhabi degrees Celsius. Since gas is used
Source: emand for gas is said to increase by 35%
http://www.wsws.orgq/articles/2007/nov2007/c the peak consumption4
amp-n09.jpg
Although the focus on housing development in Abu Dhabi is geared more
towards high-end commercial and luxury residential buildings- there is also a
tremendous shortage of housing for the low income and mid income people,
matched by increase in property rent as well. On the other hand, there are a
number of labor camps that offer poor living conditions to over 600,000
construction workers. The Human Rights Practices report released by the US
4 'Masdar: Natural cooling of a modern day city'
http://sustainablecities.dk/en/city-projects/cases/masdar-natural-coo Ing-of-a-modern-
desert-city
State Department last year, criticized the UAE in relation to circumstances in
which "low-skilled employees were... provided with substandard living conditions,
including overcrowded apartments or lodging in unsafe and unhygienic 'labor
camps' often lacking electricity, potable water, and adequate cooking and bathing
facilities".
Over the past year the government has made pledges to construct housing
complexes for the low-income workers, while also being engaged in mass
construction projects for affordable housing. The provision of comfortable
dwellings has also come to the forefront in order to improve living conditions.
There are two pathways to improving the thermal comfort of such buildings. One
is to increase the affordability and accessibility of cooling appliances such as air
conditioners and subsidize electricity to meet the cooling energy demand, in
order to make air conditioning a viable option for those involved in the
development of low income housing. However, even though gas, used for
electricity generation, is abundant- it is no longer considered as a cheap
resource. Since apart from electricity generation, gas is used in the oil recovery
process. An increase in electricity demand for cooling and conditioning of
buildings would correlate with a millions of barrels of oil not being recovered.
Thus there is a great need for natural cooling and strategies to minimize cooling
load to be incorporated in the design of such buildings.
5.1.2 Strategies for reducing cooling loads
There are a number of strategies and design of building components that have
been recommended to decrease the energy requirement for cooling of buildings.
Some of the strategies are described and the design of the walls, windows and
roofs to facilitate such strategies have been listed as well.
Natural/ passive coolinq strategies (UN-Habitat, 1995b)
1. Convective Cooling: High level of ventilation is preferable at nighttime,
when the structural mass of the building is cooled. During the day, the
cooled thermal mass acts as a sink, absorbing the heat that either
penetrates or is generated inside the building. For regions where day-time
temperature is above comfort range, day-time ventilation is minimized to
avoid bringing in hot air.
2. Radiant cooling at night: For a roof with high thermal mass or conductivity,
radiation heat losses from the roof to the atmosphere can be significant at
night, thereby allowing cooling. However, heat gained due to solar
radiation during the day or convection of hot air at night, might exceed the
nocturnal heat loss, reducing the efficiency.
3. Evaporative cooling: Evaporative cooling involves the passage of air
through moist elements- the water evaporates, decreasing the
temperature of the air. Direct evaporative cooling is used in appliances
such as desert coolers. Passive evaporative cooling is
roof is covered with soil or vegetation- here thermal
coupled with evapo-transpiration in the soil, can
environment.
Design of building components
1. Walls
possible when the
mass of the roof
cool the indoor
a. Reflective coating (light color) on exterior (Santamouris, 2007).
b. Materials should have a high thermal mass to increase the time lag
for transmission of heat from outdoors to indoors. In regions with
hot and dry climate, thermal mass is more important than
increasing the insulation value (Yilmaz, 2007). However, in regions
with tropical climate materials with thermal mass should be avoided(Lin, 2004).
c. Exterior insulation (UN-Habitat, 1995b)
2. Windows:
a. Glazing to reduce heating effect (Mueller, 2006).
b. Shading especially on eastern and western fagade to minimize
direct solar radiation gained through windows during the day (UN-
Habitat, 1995b).
c. Operable windows to provide controllable ventilation (UN-Habitat,
1995b).
d. Orientation in direction of prevailing night breeze (Enercon, 1994).
3. Roof
a. Exterior roof insulation to reduce heat gains from outside (Zurigat et
al, 2003)
b. Reflective coating (light color) on exterior to reduce solar radiation
absorbed (Santamouris, 2007).
c. High thermal mass on the roof to act as a heat sink in the summer(Roche et al, 2006).
d. Ventilation of roof space to reduce buildup of heat (Lin, 2004).
5.1.3 Description of baseline scenario & strategies
Scenario One: Housing complex for construction workers
The baseline case used for simulation is a room located on the ground floor of a
3 story building in Abu Dhabi, with standard 10cm thick solid cement block wall
construction and single glazed windows that are 50% of the walled area. The
floor area of a single room is 15 m2 and it assumed that 4 people at minimum
occupy every room, from the hours of 8pm to 6am. Apart from the use of a fan,
there is no ventilation system present- thus cooling of the building through natural
ventilation at night is only feasible. For more details of the scenario see Appendix
5.
Scenario Two: Affordable single story housing unit for low-income family
The baseline case used for this scenario is a room located on the ground floor of
a single story building, built using 10 cm solid cement block, with single glazed
windows that are 20% of the walled area. The floor area of a single room is 15
m2 and it is assumed that 3 people occupy the room throughout the day. The
analysis for this scenario is extended to how much peak electricity demand in
cooling energy is affected by design changes. For more details of the scenario
see Appendix 5.
For both the scenarios, changes in the envelope design (walls and windows) are
first analyzed. This includes the assessment of:
* Increasing the thermal mass of walls by increasing the thickness of the
wall and also by choosing a material that is more 'massive'
* Placing insulation on the inside surface of the exterior wall or the outside
surface of the exterior wall
* Changing window area and orientation of the window
* Using an overhang
Depending on the building type, the roof and floor effects are then analyzed.
Some of the changes include:
* Increasing the thermal mass of the roofs by increasing roof thickness
* Increasing roof reflectance (case of cool roof)
* Adding insulation at the bottom of the roof
* For given case, noting how ground effects influence the cooling loads and
what the contribution is of insulating the perimeter.
The final part of the analysis is to estimate what the net reduction in cooling
energy needs is if all these strategies were used and to identify the trade-offs
associated with combination of the design strategies.
5.1.4 Discussion of simulation results
Energy requirements associated
components have been analyzed
case refers to the baseline case for
where present).
with the change
in this section. The
the house (including
in design of building
'combined construction'
the floor and roof effects
Increasing thermal mass of walls
Contrary to the assumption that the use of more 'massive' materials such as
concrete in place of solid cement block would decrease the cooling requirements,
it was found that the cooling requirements increased slightly. On the other hand,
with changes from a 10 cm solid cement block wall to 45 cm thick-rammed earth
wall, there was a slight decrease in the energy requirements for cooling. As
shown in figure:
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Figure 42. Cooling loads (kWh/m 2) associated with different wall construction of house
in Abu Dhabi. Scenario 1 (top), Scenario 2 (bottom)
Addition of insulation to walls
The use of wall insulation improved the thermal performance of the building more
than changes in the wall material and thickness. Since the thickness of the wall
was only 10cm, the placement of the insulation (i.e. whether or not it was on the
outside surface of the exterior wall or the inside surface) did not influence the
cooling requirements much. See figure above.
Changing windows
Out of the window design
strategies, decreasing the window
area had the greatest impact on
reducing energy consumption.
Changing the orientation of the
windows from east facing to north
facing, using low-e glass instead
of clear glass for the windows and
the presence of an overhang also
decreased the cooling load.
However, when the orientation of
the window change from east
facing to west facing the cooling
loads increased.
Window area
20%
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glazing
Overhang
West facing
North facing
Combined
construction
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Figure 43. Cooling loads (kWh/m 2)
associated with changes in window design for
house in
Abu Dhabi- Scenario 1
Adding insulation to the bottom of the roof
For the single story construction in scenario 2, the use of roof insulation with an
R-value of 3 W.m 2/K alone decreased the cooling load by half.
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cool roof
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Figure 44. Cooling loads (kWh/m 2) associated with changes in roof design for house in
Abu Dhabi- Scenario 2
Increasing thermal mass of roofs
The increase in thermal mass of roofs in the insulated roof case led to an
increase in the cooling load rather than a decrease.
Increasing roof reflectance (from 0.37 to 0.74)
As expected, the change from regular concrete roof to a cool roof did decrease
the cooling load. However, when insulation was applied either to the bottom or
topside of the roof, the difference between the cooling load of a regular concrete
roof and cool roof became less apparent.
Ground effects for single storey construction and addition of perimeter insulation
For scenario 1, the insulation of the floor slab decreased the cooling load by
more than 10%. However, for scenario 2, where roof effects were also being
considered, the same strategy yielded less than 1% difference. When a lower
thermal mass was used, the cooling loads decreased for scenario 1 but
increased for scenario 2. However, if the perimeter of the floor was insulated, the
difference in thermal mass did not attribute to changes in the cooling load.
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Figure 45. Cooling loads (kWh/m 2) associated with changes in for construction for house
in Abu Dhabi- Scenario 1 (left), Scenario 2 (right)
5.2 Rural housing in Northern Pakistan
5.2.1 Background
Despite the pristine beauty that captivates Northern
Pakistan, which includes the Northern Areas and the high
mountain ranges of the Hindu Kush, Karakoram and the
Himalayas, the living conditions for the 1 million people
that inhabit the land are harsh to say the least. The region
is characterized by extreme climate, with temperatures as
low as -20 degrees Celsius in the winter and is vulnerable
to earthquakes. The misery of people in some of the
regions has been reflected by the level of poverty,
which in turn has given rise to deteriorating housing Figure 46. Traditional
conditions house in Northern
conditions. Pakistan
Large sections of the population inhabit congested homes that are unbearably
cold, non-ventilated and structurally unstable and are without basic facilities such
as clean drinking water and safe disposal of liquid and solid wastes. There is a
higher incidence of acute respiratory infections amongst women and children, as
they are exposed to high levels of indoor air pollutants as large quantities of
biomass continue to be burnt indoors for heating and cooking. The cost of
maintaining a house (heating and repairing it) and treating the illness that arise
from substandard buildings has resulted in households spending 16% of the total
household annual expenditure in 1997 (four fold increase since 1991) - due to
the scarcity of fuel-wood (AKPBS,P, 2002) . Thus the use of inefficient housing
structures and housing products has lead to an increase in expenditure on
healthcare, fuel-wood and housing repair, further adding to the poverty burden.
Organizations such as the Aga Khan Foundation have been piloting efforts to
incorporate improved housing products and building techniques in the current
construction. Although the upgrading of existing housing stock in the Northern
Areas has been slow, the demand for housing increased after the October 2005
earthquake, which damaged over 400,000 homes, displaced more than 3 million
people. Alongside the government other organizations have been engaged in the
reconstruction effort. The use of corrugated galvanized iron (CGI) sheets was
promoted as appropriate lightweight roof construction, since collapse of the
traditional roofs was the primary cause of death during the earthquake. However,
the improvements in seismic resistance have compromised the thermal efficiency
of the housing stock as CGI sheets offer very poor thermal insulation, making the
5 Studies conducted by the Aga Khan Development Network have shown that per capita
income is close to $0.5/day, with unemployment and underemployment rates close to
70% because of a large sector of self-employment in many regions.
homes unbearably hot during the summer and difficult to keep barely warm in the
winter.
There are two options for improving the thermal comfort of such dwellings. The
first is to provide clean fuel and efficient heating devices to be used for space
heating. However, given that the increased demand for fuel-wood has
exacerbated the deforestation problem and that alternative fuels such as LPG
and kerosene are expensive and have poor distribution in rural areas, there is a
need to minimize heat loss and incorporate passive heating strategies.
5.2.2 Strategies for reducing heating loads
Natural/ passive heating strateqies (UN-Habitat, 1995b)
Solar gains during the day can be used to provide passive heating. However,
the effectiveness of passive heating depends on the solar availability in the
winter and the relative heating needs. The addition of a sunspace, with larger
solar glazing, to the main room can also improve comfort conditions during
the winter. During the day the air in the sunspace is heated through solar
gains. This air can be transferred to other parts of the space through
connecting doors and windows that are left open during the day. To avoid
over-heating in the summer, shading above the windows is required.
Building components
1. Floor
a. Floor insulation can increase the comfort level, especially in the
case where the floor has a large mass. Otherwise it would be
difficult to warm up the floor by air circulation because cold air flows
over the floor (Niehuys, 2003).
2. Wall
a. Application of insulation on the inside of exterior wall would allow
rooms to be heated up faster, compared to insulation installed on
the outside. However, more multi-room/ storey buildings, if more
uniform temperatures are required both during the day and night,
then insulation should be applied on the outside surface of exterior
walls (Niehuys, 2003).
b. Fill-in cracks in the wall to reduce the infiltration of cold air
(Nienhuys, 2003).
3. Windows
a. In the southern hemisphere, larger north facing and small south
facing windows could reduce space heating energy use by almost
10% and the reverse in the Northern Hemisphere(Fetcher, 2003)6.
b. Bigger windows on the south fagade are favorable for maximizing
beneficial use of winter sun for passive heating of the building (UN-
Habitat, 1995b).
6 This was in context of housing in South Africa.
c. Use of double glazed windows or low-emissivity glass, if available
(UN-Habitat, 1995b).
d. Use of thick curtains or shutters to prevent heat loss from windows
at night (Nienhuys, 2003).
4. Roof
a. Add suspended ceiling to increase room temperature and/ or
reduce heating loads (Mueller, 2006).
b. Roof insulation to reduce heating load. Roof insulation would
provide more cost -effective energy savings per square meter than
wall insulation because for most construction warm air rises to the
ceiling and is dissipated (Nienhuys, 2003).
5.2.3 Description of baseline scenario & strategies
For both of the following scenarios, the windows are single glazed are about 20%
of the specified wall area. The floor area is about 15 m and it is assumed that 5
people on average occupy the house throughout the day.
Scenario One: Single story traditional house
20cm thick mud and stonewall construction and a 20cm thick heavy earthen roof.
Scenario Two: Single story house with modern construction materials
20cm thick hollow cement block construction and with a light CGI roof.
For both the scenarios, changes in the envelope design (walls and windows) are
first analyzed. This includes the assessment of:
* Increasing the thermal mass of walls by increasing the thickness of the
wall and also by choosing a material that is more 'massive'
* Placing insulation on the inside surface of the exterior wall or the outside
surface of the exterior wall
* Improving the quality of construction to reduce infiltration of cold air in the
winter
* Changing window area and orientation of the window
* Using an overhang
* Use of night shutters (wooden blinds)
Depending on whether or not CGI or heavy earthen roof construction is used, the
following changes are assessed:
* Increasing the thermal mass of the roofs by increasing roof thickness or
adding a layer of mud on top of the CGI sheet
* Adding insulation at the bottom of the roof
* For given case, noting how ground effects influence the heating loads and
what the contribution is of insulating the perimeter.
The final part of the analysis is to estimate what the net reduction in heating
energy needs is if all these strategies were used and to identify the trade-offs
associated with increasing the heat gains in the winter, while minimizing over
heating of homes in the summer (window area, insulation etc). In addition the
monetary pay back for different insulation scenarios for the construction type are
evaluated and also the externalities associated with using different heating fuel-
device combinations are assessed.
5.2.4 Discussion of simulation results
Energy requirements associated with the change
components have been analyzed in this section. The
case refers to the baseline case for the house (including
where present).
in design of building
'combined construction'
the floor and roof effects
Increasing thermal mass of walls
For scenario 1, changing the wall construction from 10cm thick solid cement
block to 45 cm thick mud and stone construction, reduced the cooling loads by
about 9% and the heating loads by approximately 30%.
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Figure 47. Heating and cooling loads (kWh/m 2) associated with changes in wall
construction for house in Northern Pakistan- Scenario 1 (left), Scenario 2 (right)
For scenario 2, changing the wall material from hollow cement block to solid
cement block marginally decreased the cooling loads but reduced heating loads
by 10%. However, the use of adobe bricks of the same thickness lead to greater
improvement in the thermal performance of the building than the use of hollow
cement blocks.
Addition of insulation to walls
The addition of insulation to the walls decreased the cooling loads by
approximately 15% but the heating loads by over 40% for scenario 1. However,
for this scenario the placement of insulation did not impact the thermal
performance. In the case of scenario 2, the use of insulation decreased cooling
load by 6 % and heating load by 40% as well. Yet, the placement of the
insulation on the outside surface of the exterior wall yielded better thermal
performance.
Effect of quality of construction
As expected, the poor quality of construction could lead to higher infiltration rates
in the summer and hence a reduction in cooling loads but an increase in heating
loads in the winter.
Changing windows
The change in orientation of windows from east facing to north facing yielded the
greatest reduction in cooling loads out of the window strategies for both
scenarios. However, it also increased the heating load during the winter. Though
in comparison a south-facing window decreased the heating load, it lead to an
increase in the cooling loads during the summer. Unlike the expectations, double
glazed windows reduced the cooling loads marginally, while causing a minimal
change in the heating loads.
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Figure 48. Heating and cooling loads (kWh/m 2) associated with changes in window
design for house in Northern Pakistan- Scenario 1 (left), Scenario 2 (right)
Increasing thermal mass of roofs
For scenario 1, the change in the thermal mass of the roofs constituted the
increase in the thickness of the heavy earthen roof. This resulted in a 14%
decrease in the overall cooling load and a 35% decrease in the heating load.
Insulation only (R-3)
Cooling
U Heating
Heavy earth roof (0.45 m)
Heavy earth roof (int. ins) (R-3)
Heavy earth roof (ext. ins) (R-3)
Combined construction with
heavy earthen roof
0 100 200 300 400 500 600
Energy Requirements (kWh/m2)
Figure 49. Heating and cooling loads (kWh/m 2) associated with changes in roof design
for house in Northern Pakistan- Scenario 1
For scenario 2, the increase in thermal mass of the roof implied the addition of a
10cm layer of mud on top of the CGI sheet or the use of concrete roofs instead of
light CGI roofs. The addition of mud on top of the CGI decreased the heating
requirements by nearly half and the cooling requirements by one third. While the
replacement with 10 cm thick concrete roof reduced the cooling load but
increased the heating load during the winter.
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Figure 50. Heating and cooling loads (kWh/m 2) associated with changes in roof design
for house in Northern Pakistan- Scenario 2
Addition of insulation to bottom of roof
Insulating the bottom of the roof, regardless of the roof construction type,
decreased the heating and cooling loads by more than 50%. Also, there was only
a minute difference in the energy requirements due to the difference in
placement of the insulation.
Type of CGI roof
It was found that the condition of the CGI roof, i.e. whether it was new, old or
painted, had an effect on cooling and heating energy requirements for the house.
Although painting the exterior surface of the CGI sheet reduced the cooling loads
in the summer by 1/3, it also increased in the heating loads in the winter. An old
CGI sheet, which had either rusted or turned black on the inside surface of the
house as it became covered with soot from the burning of biomass indoors over
time, showed over a 10% increase in the cooling load and a minimal decrease in
heating loads.
Note on monetary payback for insulation
For improvements in the thermal performance of homes in Northern Pakistan, the
use of roof insulation provided the greatest energy savings. Also, since the cost
of installing insulation is lower for roofs than walls (because of the difference in
area), the pay back period for roof insulation is significantly shorter than for wall
insulation.
Note on reduction of fuel and indoor air pollution with improved energy
efficiency
For a given scenario and heating energy requirement, the fuel-stove combination
determines the level of improvement in indoor air conditions associated with
improvements in energy efficiency. For example, in the case where dung is burnt
using a traditional mud stove for space heating, the estimated savings from
insulating the top of a heavy earthen roof, are different than when using biogas.
The table on the following page illustrates how the improvements in roof
insulation result in different energy savings depending on the construction type
and the type of fuel-device combination used for space heating.
Table 10. Externalities mitigated by improved roof insulation
(* Refer to Appendix 3 for specifications regarding fuel/ heating device combination)
5.3 Comment on use of standard construction materials
The government and local authorities providing housing for the growing low-
income population especially in urban areas of the developing world, have been
promoting the use of standard construction materials such as cement blocks for
walls, CGI sheets for roofs and single pane glass for windows. CGI sheets have
been promoted as a 'durable, fire retardant and maintenance free' roofing option
especially in areas that have been over forested or receive high precipitation. For
permanent low income housing construction, solid cement or cinder blocks have
provided a cheaper alternative than the use of fired bricks. This is because they
do not require baking in a furnace and hence can be produced (mixed, molded
and dried) onsite.
However, whether it is the upgrading of the slums in Nairobi and Bombay or the
favelas in Rio de Janeiro, the construction of low cost housing in Mexico city or in
Ulaanbaatar-the thermal performance of standardized construction materials
such as cement block, CGI etc and the improvements in energy efficiency need
to be put in context of the local climatic conditions. See the chart on the following
page:
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Figure 51. Heating and cooling loads (kWh/m2) associated with standard housing design
in different regions of the world
In this section a standard single story house was selected and changes in wall
and roof design were analyzed to provide further insight into the difference in the
thermal performance of designs in a range of locations and make some
recommendations to improve such standardized construction.
5.3.1 Cement block walls
Insulating cement block walls on the interior with insulation (R-value: 3m2.K/W) or
switching to 0.5m thick straw bale walls had a similar effect on the net cooling
and heating loads for the given locations. In the case of Nairobi, Rio de Janeiro
and Bombay, such changes only resulted in a slight decrease in the cooling load
and almost no further effect on the negligible heating loads. However, for Mexico
city, Kathmandu and Ulaanbaatar, such changes to the standard cement block
construction slightly increased the cooling loads. In the case of Ulaanbaatar, the
addition of insulation or substitution with straw bale walls led to approximately a
15% decrease in the total heating energy requirements.
5.3.2 CGI roofs
There is tremendous opportunity to improve the thermal efficiency of low-income
housing stock by improving the design of roofs alone. Firstly, old CGI roofs, that
have either accumulated soot or have rusted (thereby changing the reflectivity
and the emissivity of the sheets), can increase the cooling energy requirements
up to 20% compared to new CGI sheets. Thus keeping the roof clean can
attribute to energy savings on its own. On the other hand, addition of 10cm thick
layer of mud on top of the roof, while keeping the interior surface of the roof
clean, can lead to an savings up to 70% in cooling energy. Painting the exposed
surface of the roof white, while keeping the bottom surface clean, also yields
similar results. However, for homes located in cold climates, such a strategy,
while decreasing cooling loads during the summer, increases the requirement for
additional space heating in the winter. In such climates, insulating the bottom of a
white painted CGI sheet can decrease heating energy requirements by up to
50%.
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Chapter 6: BEYOND BUILDING ENERGY SIMULATION
Although many building energy simulation tools have been used or programmed
to assess the impact of housing in developing countries, rarely have the tools
themselves been deployed for use by the stakeholders involved in the
construction of buildings in the target communities. On the other hand, though
some principles regarding energy efficient design for affordable housing are
being promoted individually by organizations, the adoption and the diffusion of
such innovations requires further understanding.
This chapter discusses how the MIT Design Advisor can be used in the process
of knowledge generation and further highlights some of the channels through
which the tool could be used to create awareness of energy efficiency beyond
the context of architects and developers, to other stakeholders involved in
housing production and interested in housing improvements. It then looks at how
through such knowledge acquisition and collaboration between different
stakeholders, it may be possible to build on local capacity to develop and deliver
such solutions. Thereby allowing the transition from identifying some of the
causes of poor energy efficiency associated with housing design to taking
practical steps to address it.
6.1 Knowledqe creation and dissemination
The energy efficiency potential that lies with the low-income housing market is
great- the economic status of the low income population makes them the most
rationale economic decision makers and the also some of the best energy savers
as they can least afford wastage. However, information asymmetry and the lack
of knowledge and awareness is one of the main barriers to realizing energy
efficiency improvements. This includes the lack of awareness about the impact of
housing design on energy consumption and the associated externalities coupled
with the poor understanding of consumer needs on the supply side and lack of
information regarding energy efficiency options on the demand side. Consumers
need to be convinced of the utility associated with energy conservation and
producers need to be better informed on the market potential of housing energy
efficiency products. As people become more aware of the benefits of improved
energy efficiency, the willingness to contribute and the demand for good building
practices should also increase.
Given the context of the diverse, complex and dynamic housing delivery
process, there is a need to communicate to a wider audience beyond architects
and developers. Knowledge about improvements in energy efficiency of low-
income housing needs to be shared and incorporated into local, regional and
global perspectives about housing design. Yet, knowledge sharing does not only
involve increasing awareness about the implications of design choice but more
importantly, placing design in the context of priorities and needs of different
communities.
In order to fill the knowledge gap, there is a need to identify people who will be at
the forefront of collecting information, developing guidelines for improving
thermal comfort of low-income housing and distributing the relevant information
at a low cost. To reach sufficient awareness generation, coordination between
many different stakeholders is required to demonstrate concepts and to develop
standards and training for dissemination. This coordination entails agreement on
various strategies of energy efficient measures and actors helping each other
and integrating their actions.
6.1.1 Deployment of MIT Design Advisor
Motivation
To make information available and understandable for stakeholders
engaged in the housing delivery process, regarding the impact of housing
design on energy requirements at the initial design stage. These
stakeholders may or may not be experts who are knowledgeable about
the science behind design or architects or developers used to assessing
designs.
Implementation considerations
1. Identify early users based on the interest in housing energy
efficiency and influence in housing design
Draw together a list of interested stakeholders and distribute the tool to
them. The identification of stakeholders is required before raising
awareness about the built environment to the different players in the
design and construction sector delivering these services.
2. Distribute the software
Contact the stakeholders, send them a copy of the executable and
supplement that with documentation and interactive help that would aid
in teaching the user. Also structure the executable to be downloaded
from the internet, so other groups of people who are interested in
learning more about environmentally conscious design for low income
housing would also have access to the tool.
3. Update the tool based on user feedback
Follow up with user response surveys and future feedback on the
potential energy savings resulting from the use of the tool.
6.1.2 Developing and customizing educational materials
Motivation
Educational materials need to be customized and distributed in order to
engage stakeholders with different priorities.
Implementation considerations
1. Develop recommendations for internal use from simulation cases
Stakeholders using the MIT Design Advisor for design decision-making
or for prioritizing housing energy efficiency interventions could put
together a record of recommendations for internal use.
2. Disseminate results from simulation cases
The recommendations mentioned above could be used to generate
guidelines for improving thermal performance of low-income housing
stock beyond the current projects that stakeholders are involved with.
These guidelines could then be incorporated into existing low cost
housing manuals, documentation of energy saving architecture and
hand books for energy efficient housing designs to reach a wider
audience.
3. Create catalogue of technologies to better guide consumer
choice
Following up with a market study on available housing energy
efficiency technologies, appropriate pricing and adaptation costs
regarding design improvements could be made available to the
consumer in catalogue form. Further studies of how technologies have
been adopted within existing practices can improve the understanding
of the potential for local innovation
The extent to which the stakeholders will be involved in developing the
material and disseminating it to influence design decision making at the
grass roots level, would need to be determined.
6.2 Improving design and evaluation of intervention
programs
Though building energy simulation tools, such as the MIT Design Advisor, can
help identify improvements in energy efficiency and prioritize interventions, there
still remains a need to design the intervention program in context of the local
needs and to evaluate the delivery of household energy efficiency services. This
is important because recommendations can only predict the potential impact.
However, the actual impact is determined by how effective, inexpensive and
rapidly deployable the interventions are. Also, in order to attract investment for
social value creation, how investments in energy efficiency could help to address
poverty alleviation and improvements in health, need to be explained more
clearly.
Over the summer of 2008, three of my colleagues and I worked with a community
in Northern Pakistan to improve the thermal efficiency of housing by installing
insulation under CGI roofs. The main activities for the pilot project included the:
* prototyping, testing and fabrication of straw insulation panels,
* installation of 500 insulation panels in 12 treatment homes and
temperature sensors in 30 homes (12 treatment and 18 control)
* collection of socio-economic data and details of housing construction, fuel
wood consumption and cooking and heating practices.
Interviewing surveyeying
the communitv
Fabricating &
testing insulation
Getting insulation to
households
Insulated House
Monitoring & evaluation
Instairing insulaton
Figure 55. Overview of activities for summer pilot project
This section incorporates some of the leanings from the
extensive literature research to improve the effectiveness
projects and to design and evaluation of intervention programs.
pilot project and
of demonstration
6.2.1 Demonstration Projects
Demonstration or pilot projects could provide a useful platform to implement
design recommendations within a particular community. Some organizations
have used road shows to introduce the housing energy efficiency interventions to
the community. Others have constructed model homes as a prototype and
provided access to the community to visit and observe the display. However,
some organizations have been able to more effectively demonstrate the benefits
dC-
associated with improvements in energy efficiency through setting up products
within existing homes. The technology is either subsidized or other benefits are
provided to such inhabitants for discussing benefits within the community and
receiving visitors who are interested in viewing the intervention. Through such a
model, the inhabitants become the promoters- they are responsible for
monitoring of improvements and the adaptation in design/technology.
Slum Dwellers international7 , used a similar model to provide experience-based
learning to members of the community through demonstration projects. The
inhabitants involved in the demonstration projects have the opportunity to
exchange experiences. However, they also gained credibility to lead joint
decision making within the community about designs, materials and construction
processes. Because of this improved understanding and drive they were able to
negotiate with the local authorities and officials.
6.2.2 Improvements in intervention design
The assessment of community needs is critical to planning of the intervention
program. Though the characterization of housing construction and the local
conditions is the first step towards diagnosing which particular housing energy
efficiency interventions to implement, the prioritization should be re-evaluated
based on the community needs. For example, if the community can meet the
requirements for space heating through the use of readily available, renewable
and clean burning fuel but has no alternative for improving thermal comfort in the
summer- than reducing the cooling loads should be a priority. Also sometimes
singular interventions might not be able to deliver the desired improvements in
living conditions. This is particularly true for the case of reducing indoor air
pollution- where improvements in housing insulation to reduce fuel wood
consumption for space heating would not provide significant health benefits if
there is inadequate ventilation to exhaust smoke from within the home. Thus in
some cases a combination of interventions are required to optimize the benefits
delivered through improvements in energy efficiency.
6.2.3 Improvement in evaluation of interventions
As mentioned in Chapter 3, intervention studies are not sufficient for guiding
design decision making for improvements in energy efficiency of low income
housing in the short term. However, the evaluation of interventions over the long
term are necessary to strengthen the evidence of improvements in living
conditions and the feasibility of design choices at the household level. Also,
evaluations of interventions are required to distinguish between the more and
7 An organization that was launched in 1996 to increase mobilization,
advocacy and problem solving strategies amongst the poor urban
communities
less direct effects of the intervention. Learning's from pilot interventions should
be institutionalized and lessons on implementing particular housing energy
efficiency solutions should be shared. There are always exceptions to the norm-
thus instead of contrary evidence being ignored or excessive attention being
given to the wrong features due to the focus on favorable evidence, there should
be an increase in awareness of what these exceptions are.
When evaluating the impact of a particular intervention, there is a tradeoff
between careful measurement and analysis on one hand and the need to simplify
evaluation and minimize costs on the other. This is concern is addressed in the
design of the study. Case control studies that are more retrospective and
estimate the relative reductions in health risk due to intervention or cohort studies
that gauge the individual and the population attributable risk are considered more
feasible that randomized control studies when measuring the impact of health
and household energy interventions (Hutton and Rehfuess, 2006). In addition,
for measuring health impact, the intermediate variables such as the behavior and
consumer preferences need to be addressed before any expensive evaluations
are conducted.
6.3 Framework for scaling interventions
There is a tremendous need for housing energy efficiency interventions to reach
scale and serve a large number of beneficiaries. Thus understanding how such
recommendations would be embedded in the existing institutional frameworks
and building practices is necessary. Regarding housing and energy as a
collective system and linking energy efficiency policies to the broader case of
housing maintenance and retrofitting efforts, is desired. Also, policies need to be
coordinated to mobilize the public and private sector in order optimize
contribution of actors in housing production and to turn housing energy efficiency
into a viable service and enterprise. Change makers need to be engaged in the
dialogue and solutions need to be designed that leverage the power of local
communities to make housing energy efficiency a widespread and accepted
practice.
This section highlights some of the suggestions through which the poverty
burden associated with poor housing energy efficiency practices can be
alleviated and can trigger the transition of the low-income population from just
being beneficiaries to customers and even providers of housing energy efficiency
solutions.
6.3.1 Increase community participation and role of local
enterprises
Motivation
NGOs and government have been responsible for piloting housing energy
efficiency interventions in the past. However, the current reliance on these two
actors has resulted in a dynamic where providers either do not have the
resources to scale or do not feel obliged to provide quality services, while
beneficiaries do not feel entitled to claim these services. Thus to enable
improvements in energy efficiency of housing, a paradigm shift is needed.
There is the assumption that improvements in energy efficiency of low-income
housing are not being realized because of the lack of technological options. The
lack of availability of relatively new and affordable energy efficiency measures in
the market place resonates with the idea that technology providers and material
suppliers are often not interested in low-income sector. This is particularly true in
rural areas, where the business costs are higher due to the distances, poor
communication and transportation infrastructure. However, in some cases the
technology may already be out there. Instead, there might be a need to improve
appropriateness and increase access and affordability of such technologies.
Housing energy efficiency interventions in the past that have focused on
technical demonstrations without understanding the priorities in local design
decision making and without building local capacity. While in some cases, efforts
have shown that the more users are involved, the more prone they are to
integrating those technologies into their daily lives. If community involvement
increases for planning, implementation and maintenance of services, community
priorities would be reflected and integrated at a greater level. Also through
offering local employment and opportunities for income generation, the long term
demand for housing products and services would be fostered.
Implementation considerations
1. Survey the market
Study the consumer needs and preferences. This approach can improve
the understanding of which features matter to the end client. Such a focus
would provide a higher return of investment, as consumer preferences and
willingness to pay would help in prioritization and selection of appropriate
housing energy efficiency solutions. While, studying how selection of
energy savings components is affected by demographic factors,
construction practices and people's perceptions could provide a better
understanding of the market potential of specific housing energy efficiency
technologies, which would be useful to entrepreneurs interested in
entering the field.
2. Raise awareness, improve communication outreach and develop
training programs
Mobilize the community through the formation of housing cooperatives or
community-based organizations. Community mobilization can greatly help
improve the efficiency and effectiveness of housing energy efficiency
interventions. If a community is organized, trained and guided then even
with slight awareness about the risks associated with poor housing energy
efficiency and the options available for improving indoor comfort levels,
larger segments of the population can be reached.
Provide training for entrepreneurs. One type of training is for
entrepreneurs interested in supplying technologies for improving housing
energy efficiency. The other is for people such as masons and carpenters
who are involved in either building new homes or upgrading existing
homes. Training programs do not only allow the opportunity for
improvement in manual skills but also a chance to build local capacity
further by teaching self-management and other administration skills to the
community members.
Organizations such as ADAPT, working to provide low cost housing in
Egypt, have been able to transfer know how of improved building practices
to the youth in low income communities by adopting such an innovative
participatory approach. Through setting up mobile construction and
learning centers, ADAPT has been able to reach out to the youth and
engage them in the production process and train them in design and
construction. Also, through providing certification for the youth as local
builders and involving them in the process of building with innovative
materials ADAPT has been able to foster the creation of local enterprises.
(Schmidt and Budinich, 2009)
6.3.2 Increase suitability for financial incentives
Motivation
Housing energy efficiency products are usually subsidized by
organizations to increase affordability for the low-income whose individual
purchasing power might not be able to cover the initial upfront costs or
who might have limited access to housing finance when constructing their
homes. However, the reliance on subsidies has constrained the
sustainability of existing initiatives and the scalability of future initiatives.
The long payback periods on investments in such initiatives have
rendered projects unprofitable and the limitations of concessional finances
have stifled future installations. Subsidies on products do not allow the
required market to be created, while further donations without any cost
recovery have created a situation where consumers have developed the
habit to wait for more donor aid then pay the market price.
Implementation considerations for tailoring financing
1. Restructure existing subsidies and tax credits and attract patient
capital to support enterprises
Reducing government subsidization of housing or designing subsidies to
be self-eliminating, while encouraging the private sector to invest in the
low- income bracket are required in the restructuring of the existing
framework. On the other hand, the leveling of subsidies and individual
contributions could be used for expansion of savings and micro-credit
programs as well. For affordable housing providers, having investment
and production tax credits tied to the long-term improvements in housing
energy efficiency performance, would provide investment incentive.
2. Use micro-finance to reach low-income households
A practice that emerged in developing countries over the past decade is
the replacement of traditional loan collateral with micro finance. Though
placing finances in the hands of the people is a bold step, it is also one of
the main ways of empowering people and creating a sense of trust and
ownership. At the individual level, the provision of micro credit to women
has yielded favorable results- where the savings and credit methodology
has been used to develop leadership capacity, financial managements
skills and confidence amongst women. On the community level, the use of
finance schemes or community based rotating funds on market-based
interest rates have also been successful for improving access to credit
and financial services.
One example of such a functioning mechanism is the home improvement
loan offered by micro-finance institutions. Through the home improvement
loan, Kashf Foundation8 , has provided families the opportunity to repair
and expand their homes, add on rooms and increase their earning
potential. It has done so by reaching out to low income families who do not
either qualify for traditional mortgages, who lack requisite income or who
prefer to incrementally build and finance their homes.
3. Increase the participation of target community in savings and
credit scheme
The collection of people to operate savings and credit scheme provides
the opportunity to build further cohesion, understanding, trust and
confidence and maximizes the contact that people have with each other.
For example, over the past 10 years, Slum Dwellers International has built
a system to offer cheap credit to the poor while also building united
communities. Not only do the slum dwellers operate the savings and credit
scheme, but also have access to a variety of loans ranging from crises,
consumption to income generation loss, tailored according to their specific
needs assessment.
8 Kashf Foundation is one of the second largest micro lenders in Pakistan with
over 300,000 clients and a $100 million in loads.
4. Increase the ease of the payment process
Although increasing access to financing is necessary to provide incentive
to encourage investments in energy efficiency by the low-income
households, there is also a need to tailor the payment collection cycle
while keeping in mind the low cash revenue stream of the customers.
Through the Patrimino Hoy program, Cemex, one of the largest cement
manufacturers has been able to reach out to 200,000 households in
Mexico and other Latin American countries. Along some of the innovative
ways of building local capacity and providing financial incentives tailored
to the low income population discussed above, Cemex has also set up
mobile units such that users can pay without leaving their homes. Such
measures have decreased the transportation costs and increased the
convenience for the customers. On the other hand, by employing local
promoters and customer service providers, Cemex has established an
improved understanding about clients, which in turn has helped with the
design and allocation of the payment cycle.
6.2.4 Increase collaboration between different stakeholders
Motivation
Because of the externalities associated with poor housing energy
efficiency, there is an opportunity to synergize efforts and through such
cross-sectoral activity address social needs more effectively. Currently
insufficient collaboration amongst international organizations, national
ministries, local authorities and project benefactors has led to divergent
motivations and resulting dynamics. Also, the incentives to reduce
household energy consumption are divided between different players and
are rarely matched by those who can invest in and those who can benefit
from housing energy efficiency. Because of the roles and responsibilities
of the different stakeholders within the same operating framework are not
defined, those who can lead action with greater certainty need to be
identified.
Also for the up scaling of interventions, the identification of potential
niches and areas of cooperation, collaborative research and formulation of
action plan with the interest participants is required. The engagement of
multilateral institutions can be used as a medium to bring the voice of the
people at the low income level to the global forum and shift policy at the
transnational level. Public private partnerships can be a powerful market
stimulant, especially for providing services to rural areas and informal
settlements. However, for such partnerships to be successful -the
alignment of interests at the strategic level, complementarities at the
operational level and the involvement with-in low income communities, are
needed.
Implementation considerations
1. Collaborate at the field level
There is the opportunity to collaborate for field level and research
based activities. Community based workers can raise awareness about
the benefits of improved living conditions, while those involved in the
intervention program or in the provision of services can incorporate
health and education as a part of their social marketing as well.
2. Engage in public private partnerships
There are many ways in which the core competencies of both the
private and citizen sector can be leveraged. Firstly, the pre-existing
networks used by the citizen sector to provide basic services can be
used as an outreach structure to deliver other valuable products and
services. This would allow other businesses to enter the low-income
market more profitably and rapidly by tapping into the knowledge and
resources of the social sector - optimizing on demand aggregation and
multi purpose channels.
One such example is that of the SELCO/ SEWA partnership, which
has enabled the creation of a new market for alternative energy
services including solar lighting and efficient cooking technologies for
the low-income population in India. SELCO is a social enterprise
established in 1995 to provide sustainable energy solutions and
services to underserved households and businesses- it has installed
over 50,000 solar home lighting systems in India. SEWA has been
working for increasing the employment and self-reliance of women in
India. SELCO uses custom designs and sells lighting to newly trained
women entrepreneurs being backed by SEWA. It also uses SEWA's
networking activities and membership meetings to provide information
about the new technology. While SEWA trains 700,000 self-employed
women to become profitable net owners of energy service businesses
and offers them the money to launch their businesses and the micro
credit to purchase the technologies.
Secondly, in areas where new distribution networks are being
developed, there is the opportunity to provide further infrastructure and
civic services to the poor. Since the beneficiaries were first customers,
it increases the responsibility, accountability and participation of the
public sector in providing future services. Also the partnership
between housing cooperatives and state, looks beyond the
conventional model and creates greater accountability and
transparency of shared responsibilities and increases mediation
between co-ops and private interests.
In India, Mahila Housing Trust's initiative to construct 4,500 homes in a
rural community in Gujrat India, also resulted in the electrification of the
village. Through the community-based organizations that were
established during the housing design and construction process, it
became possible to raise the utility provider's awareness of the
electrification needs of the poor and create collective action for
installing and setting up payments for the service.
Thirdly, public-private partnerships could also provide the opportunity
to develop new business models that are aimed not only at delivering
products and services but also at creating significant social impact.
Cemex's Patrimonio Hoy program is a fitting example. By working with
community-based organizations to tailor financing and product
offerings, one of Mexico's largest cement manufacturers was able to
establish a strong foothold in the previously isolated low-income
market.
Chapter 7: Conclusion
This thesis has provided an over view of housing design, household energy use
and externalities in developing countries to highlight the need for and
opportunities associated with improvements in energy efficiency of low income
housing. To improve decision making at the design stage for large scale housing
projects and improving prioritization of interventions for housing energy
intervention programs, MIT Design Advisor was adapted to provide estimate of
impact of design decisions on primary energy consumption for heating, cooling
and lighting.
Two specific cases for improvements in housing energy efficiency were
analyzed. For the case of low income housing in Abu Dhabi the strategy that
caused the most significant reduction in the cooling loads was the use of a cool
roof with interior insulation. While for the case of rural housing in Northern
Pakistan, insulating the CGI roof was the priority for decreasing the heating
energy requirements. Given standard cement block and CGI construction for low
income housing, it was shown that the heating and cooling energy requirements
varied greatly depending on the location. Thus warranting the need to customize
housing design and recommendations for improvements in energy efficiency.
Alongside recommendations, a framework for how MIT Design Advisor would be
used to create awareness of energy efficiency beyond the context of architects
and developers, to other stakeholders involved in housing production and
interested in housing improvements, was also discussed. Also strategies for
knowledge acquisition and collaboration between different stakeholders to build
on local capacity to develop and deliver such solutions were highlighted.
See the following page for a summary of the strategies.
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Figure 56. Dissemination of MIT Design Advisor
The next steps involve the continued development of the design advisor and
validation of results in comparison to other building energy simulation tools. Also,
after the dissemination of the tool, the feedback will be used to update the
interface and also the functionality.
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APPENDIX 1: Surveys
ENERGY EFFICIENT HOUSING DESIGN Survey 1
Survey Respondent: Mary Hancock
Subject leader Environmental Design
Department of Architecture,
Oxford Brookes University, Headington, Oxford
1. General Opinion
- How would you describe energy efficient housing design?
This depends on if you are referring to Uk practice or Pakistan- maybe the goals are
similar- making the best use of passive strategies to provide a comfortable house before
considering the servicing options
- Is housing energy efficiency prioritized in your practice?
o If so, to what extent?
Yes, sustainability and energy efficiency are central themes
o If not, what are the other priorities?
Probably sustainability as a general concept is gaining ground on energy efficiency
which is a narrower concept
2. Observation
- How do you think inhabitants of low income and/or rural housing view housing
energy efficiency?
Good if buildings can be made more comfortably for little extra money, probably don't
believe they make much difference- need to demonstrate
- Based on your experience and observation, are there any technologies and/ or
design strategies that you would recommend?
In Peshawar, trying to avoid overheating, my best monitored strategies were to improve
the microclimate ( more planting, associated with some water use) use of awning over
roof to make a second roof. Insulation in the roof structure seemed to make the
buildings warmer in summer- I think because it reduced heat loss by radiation at night.
- Are there any traditional practices for improving or local innovations in housing
energy efficiency that you are aware of?
BACIP are doing some work in the Northern Areas trying to modify traditional
construction. Heavy thermal mass buildings, cellars, light timber structures on roofs are
all examples of traditional strategies for improving thermal comfort in summer.
Buildings are not well adapted to winter conditions and I am doing some work on that at
the moment.
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3.Realizing and enabling energy efficient housing design
What are some of the constraints to these designs and practices from being
implemented to scale? Are there any incentives that you are aware of?
Incentives: many government departments provide trees that can be planted. If your
interest is mainly cold winter conditions and you have not provided enough information
you me to judge, I think the main problem, something I am working on at the moment, is
that strategies to make buildings warmer in winter tend to make them hotter in summer.
This is true of buildings in the UK too.
- If you have used building energy simulation tools or resources in the past:
o Which did you use?
o what is your opinion on their usability and usefulness?
I have used IES, TAS, Building toolbox and ecotec. I am not sure that any are very good
at representing heat flows in several directions. TAS and IES are quite complicated to
use. You need to have familiarity with the model to get good (reliable) results
- If better estimates regarding the impact of design on energy consumption and
thermal comfort were available through simple and quick energy simulation, would
the information be useful?
For most of the buildings I have had contact with in the Northern Areas, the main driver
is to make the best use of passive strategies- I have been mostly involved with schools.
Modelled data is ok but the model needs to be demonstrated to accurately represent the
real outcomes- most modeling in the UK ( using good models such as IES) completely
misrepresent the energy use- often because the modelers have not correctly anticipated
the way the occupancts will use the building
- What evidence would you require to conclude that a certain housing energy
efficiency intervention has been successful? What are some of the indicators of
failure?
I am very involved in post occupancy studies- monitoring the temperatures and energy
use and talking to the occupants about the strengths and weaknesses of their building- I
think that is the only way to improve design. I use ibutton and hobo loggers to record
temperatures and RH, and get people to give fuel consumption, access how they feel in
the house- asking them both in summer and winter.
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ENERGY EFFICIENT HOUSING DESIGN Survey 2
Survey Respondent: Saqib Bashir
Nayyer Ali DaDa & Associates, Lahore, Pakistan
1. General Opinion
- How would you describe energy efficient housing design?
In my view it is a design which takes into account passive and active solar techniques to achieve thermal
comfort. It should be low-cost and effective at the same time. Question is how to achieve that, and the
answer that comes to mind after studying works of architects such as Geoffery bawa and Hassan fathy is
using indigenous building techniques. These techniques evolved over centuries keeping mind climatic
conditions and requirements of a certain geographic location, without employing methods that would harm
the environment. It is a known fact that indigenous materials are useful primarily because they carry 60-
90% less embodied energy. With Pakistan facing energy crisis and industries that rely on electricity to
operate shutting down we have the advantage of abundant manual labor. Materials such as lime, sun dried
bricks or even kiln dried bricks and which have been long forgotten and replaced by steel and reinforced
concrete due to its quick manufacturing, perhaps need to need to be brought back into action. There are
several advantages in that a) they are locally available b) there manufacturing requires much less energy
then steel and concrete c) they biodegradable and can be reused.
For example I've used lime mortar instead of a cement sand mortar in the residences that I've designed
and a few inches of lime on the roof top creates more then 5 hour heat lag so the building remains cooler.
Moreover, lime gets stronger with time as opposed to concrete which gets weaker with time.
Similarly effectively techniques such as earth tubes, cavity walls, desert coolers, are tried and tested
methods to create low-cost thermal comfort. Something what has been completely forgotten is the concept
of courtyards and mugs firstly in the micro climate and then secondly in the macro climate. Every time I've
visited the walled city Lahore I've noticed how buildings over there are designed on these concepts and are
cooler without having to rely on air-conditioning. There is an old Chinese proverb, 'when you are lost go
back to the beginning'. I feel we need to return to innocence, we need to employ simpler perhaps time
consuming methods while avoiding quick easy but destructive in the long run ways to achieve our design
targets. One thing which I feel will promote this practice, (which otherwise clients and stakeholders with
their money minded thinking do not feel the need to employ such painful methods and materials) is if by-
laws were designed to ensure the energy efficiency of a building. If there were scales, and units assigned to
measure the amount of energy being consumed in a certain building and some sort of incentive was given
other then just saving energy perhaps energy efficient housing would be more widely practiced.
- Is housing energy efficiency prioritized in your practice?
I've been working for four years now, to be honest; it is difficult to convince clients and employers alike to
use energy efficient methods of building design. I feel there are two reasons for that, other then illiteracy and
unawareness of the gravity of declining energy resources and the need to use renewable energy
a) The lack of interest over it by authority figures, the city development authorities have other priorities.
There are no by-laws to ensure energy efficiency, hence when designing an architect doesn't feel naturally
obligated to design energy efficiently, if at the cost of using more energy the designer is able to give more
commercial space to the client he/she is able to sell their work at a higher cost. Most people are not as
farsighted to feel obligated to do something simply because it's the best thing to do, but if energy efficiency
was by law a requirement in all buildings to be designed perhaps, designers and clients won't take it so for
granted. For instance After periodic earthquakes in Islamabad designing earthquake resistant buildings is a
requirement by law, hence no matter how much more it cost the client or how much as a designer I had to
sacrifice over space I was compelled to design residences which were earthquake resistant. Here once the
there are clear cut by-laws about energy efficiency as there are to some extent in America, (I hear there are
colored cards assigned to a designed building in terms of its energy efficiency and people are made to pay a
certain penalty if the building fails to deliver a certain level of efficiency), the instruments or simulation
devices that you are using in your research will come very useful in measuring and gauging the design of a
building in terms of energy efficiency.
b) Energy efficient housing, methods, and devices perhaps need to be advertised commercially in a very
gaudy manner so as to make an impact on the masses. One has to understand the psyche of a common
man and then stimulate their thinking in a significant manner and then devise ways that'll work. If people
were to get effected with warnings and banters about global warming they would have because things
couldn't have been more flatly laid out in terms of danger then they were in "An inconvenient truth". Given
the frightening information Al gore gave out in that documentary he should have won in landslides, but the
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information that he gave only stirred an educated group of people, it gave him a noble prize but clearly not
the American presidency.
a) If not, what are the other priorities?
I think I've already answered this question above.
2. Observation
- How do you think inhabitants of low income and/or rural housing view housing
energy efficiency?
There are two things to consider when you speak about low-income or rural housing.
a) The literacy rate in Pakistan is 47%, with only 10% in certain rural areas; not only basic education but
specialized education is needed. People with low income in Pakistan are usually the ones who are also
illiterate, and when I say illiterate I mean people who can't even write their own name let alone
understanding complex concepts.
b) People here are deprived of basic human needs like food, water and shelter. The reason people are so
disinterested in energy efficient housing is because they have bigger problems. The people who are living
below poverty line comprise a large majority of the population. Hence before energy efficiency would be
considered as a real issue, a lot of other things need to be resolved. Only if you have a roof on top of you
and food in your belly do you think about how to make the room you're sitting in more comfortable.
Having said that I don't mean to discourage all research on low-cost energy efficient housing, I'm just trying
to explain the tragedy with developing countries where there are so many underlined problems that a lot
very important issues get ignored. When Pakistan was made the population comprised primarily of middle
class, and electricity was not so widely available, the income was low but people with low income weren't
necessarily uneducated or unaware; people use to employ passive solar techniques to achieve thermal
comfort. Making houses with courtyards, and then housing colonies with a central open space in the walled
cities, similarly using cow dung as insulating as well tensile material in villages, Using trees and grassed
midlands to decrease the temperature of the micro and macro climate, using thick flat domes as spanning
structures which also helped in insulation from heat and cold are some of the examples of techniques that
were employed. This shows that everyone has a basic know how and knowledge about energy efficiency
and if imparted wisely there is no reason why people won't start adopting these methods again.
Based on your experience and observation, are there any technologies and/ or design
strategies that you would recommend?
There are architects such as Shakeel Qureshi, Yasmeen Lari, Ayesha Noorani and Kamil Khan mumtaz
who are trying to go back to these old methods. Kamil Sahab has even written quiet few books on
Traditional Architecture of Pakistan, You might want to look into those. I've seen buildings designed by him
in which he used flat domes instead of rcc beams as spanning structures, similarly lime mortar in place of
cement mortar, courtyard houses, using orientation and ventilation. I myself have used lime and concluded
it to be a much better alternative to cement. Similarly techniques like double glazing, cavity walls and earth
tubes are very effective and I've used them in residences that I've designed and the results were very
fruitful, I managed to satisfy my clients. I've been working on the Fatima Jinnah park for the past two years
and we've used dry packed stone on our pathways instead of tough pavers, It looks more beautiful, sure it
costs more but I know I can say with a clear conscience that it was an aesthetically and environmentally
better choice then cement. Using materials such as wood, brick, lime and stone is perhaps always more
expensive and more hazardous in terms of finding expert labor but rewarding in the long run. Similarly I only
wish the by-laws allowed us to be a little more flexible in terms of orienting our buildings but due to strict
bylaws in all these housing colonies the buildings/residences unfortunately have to be oriented towards one
side but wherever we get the liberty of orienting it according to sun and wind directions the resulted design
is nothing short of much more effective in creating thermal comfort. Furthermore, sometimes clients are
willing to use expensive materials, and I prefer using natural materials when I get the liberty.
Are there any traditional practices for improving or local innovations in housing energy
efficiency that you are aware of?
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There are various traditional practices; there is a manual of traditional housing in karimabad by Agha Khan
Cultural Services, Pakistan. It's a thin booklet and I found it detailed and useful for traditional low cost
passive heating and cooling techniques as well as earthquake resistance. Architecture of Pakistan,
Conversation with a traditional building craftsman, and the vernacular tradition by Kamil Khan mumtaz, and
Islamic architecture in South East Asia: Pakistan, Bangladesh, India by Ahmed nabi khan are good reads to
consult.
3. Realizing and enabling energy efficient housing design
What are some of the constraints to these designs and practices from being
implemented to scale? Are there any incentives that you are aware of?
I've already answered this question I think, as for incentive I think it has to be implemented by force (by-
laws) and ostentatious advertising if you will.
- If you have used building energy simulation tools or resources in the past:
o Which did you use?
- I've used solar cells, as for active solar techniques go, and I've already outlined the passive solar
techniques I've used to achieve thermal comfort.
o What is your opinion on their usability and usefulness?
- I think I've already answered this question.
If better estimates regarding the impact of design on energy consumption and
thermal comfort were available through simple and quick energy simulation, would
the information be useful?
Yes I believe it will be very useful provide the building authorities are willing to prioritize energy
efficiency, educating the decision makers is in order.
- What evidence would you require to conclude that a certain housing energy
efficiency intervention has been successful? What are some of the indicators of
failure?
I think the users of the building would be best able to identify the failure or success of the design of a
building, If the user is comfortable and feels the temperature, light, and ventilation in a building is adequate
and it has improved the quality of their living without increasing the cost of living that is proof alone, other
than that I've sure there are tools and scales to calculate temperature and energy consumption such as the
ones you used in your research.
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ENERGY EFFICIENT HOUSING DESIGN Survey 3
Survey Respondent: Sjoerd Nienhuys
Architectural Engineer and EPA and Technical Advisor on
development aid projects, monitoring and evaluation.
1. General Opinion
- How would you describe energy efficient housing design?
Requiring less (or no external) energy in heating or cooling and cooking
- Is housing energy efficiency prioritized in your practice?
o If so, to what extent?
80% f my work
o If not, what are the other priorities?
2. Observation
- How do you think inhabitants of low income and/or rural housing view housing
energy efficiency?
They first think of better heating equipment, including lower cost
- Based on your experience and observation, are there any technologies and/ or
design strategies that you would recommend?
Wall insulation on the inside, passive solar energy, and solar shading.
- Are there any traditional practices for improving or local innovations in housing
energy efficiency that you are aware of?
Yes, for example the use of straw/adobe
3.Realizing and enabling energy efficient housing design
- What are some of the constraints to these designs and practices from being
implemented to scale? Are there any incentives that you are aware of?
Information, awareness, training, demonstration, peer experiences, access to materials
and finance.
- If you have used building energy simulation tools or resources in the past:
o Which did you use
demonstration
o what is your opinion on their usability and usefulness?
good
If better estimates regarding the impact of design on energy consumption and
thermal comfort were available through simple and quick energy simulation, would
the information be useful?
Yes, to me, not necessarily to others.
- What evidence would you require to conclude that a certain housing energy
efficiency intervention has been successful? What are some of the indicators of
failure?
Satisfaction, replication and actual energy demand reduction.
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APPENDIX 2: Location Data
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APPENDIX 3: Externalities associated with fuel
combustion*
Biogas 0.574 0.354 0.511 0.001 0.004 0.000
LPG 0.536 0.147 0.452 0.002 0.000 0.000
Kerosene 0.5 0.167 0.505 0.003 0.000 0.000
Charcoal angethi 0.175 0.800 1.929 0.220 0.006 0.002
Briquette (wo angethi 0.164 1.378 2.196 0.166 0.007 0.004
Dung traditional mud 0.094 3.257 3.344 0.161 0.019 0.007
ventilated mud 0.1 3.061 3.260 0.093 0.010 0.005
ventilated ceramic 0.128 2.392 2.502 0.076 0.009 0.005
Rice traditional mud 0.098 2.819 3.104 0.137 0.015 0.002
ventilated mud 0.1091 2.5351 2.492 0.256 0.011 0.039
Eucalyptus 3R- open 0.177 1.327 2.038 0.080 0.004 0.001
ventilated mud 0.22 1.067 1.428 0.149 0.012 0.003
ventilated ceramic 0.287 0.818 1.209 0.072 0.004 0.002
metal stove 0.124 1.894 1.646 0.071 0.004 0.003
Acacia 3R- open 0.181 1.317 1.810 0.085 0.012 0.003
traditional mud 0.182 1.310 1.823 0.087 0.005 0.001
ventilated mud 0.235 1.015 1.278 0.128 0.011 0.003
ventilated ceramic 0.29 0.822 1.110 0.065 0.003 0.003
metal stove 0.257 0.928 1.274 0.059 0.004 0.004
* Adapted from (Smith et al ,2000)
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APPENDIX 4: Heat transfer throuah roof
Roof without thermal mass
Figure 45: Heat transfer through CGI roof
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APPENDIX 5: Inputs for simulation cases
SCENARIO Abu Dhabi 1 Abu Dhabi 2 North Pak 1 North Pak 2 World
Occupancy
Start hr 8:00 PM 6:00 AM 8:00 AM 8:00 AM 6:00 AM
End hr 6:00 AM 8:00 PM 7:00 AM 7:00 AM 8:00 PM
Person density 0.25 0.25 0.375 0.375 0.25
Lighting level 0 300 0 0 200
Equipment load 1 1 1 1 1
Lighting control always on always on always on always on always on
Ventilation
natural (but natural (but natural (but
use mech. To use mech. To use mech. To
calculate calculate calculate
Ventilation system values) mechanical values) values) mechanical
Max temp Occ 26 26 26 26 26
Min temp Occ 19 19 19 19 19
Max temp Unocc 28 28 28 28 28
Min temp Unocc. 17 17 17 17 17
Rel. Humidity 80 80 80 80 80
Occ. Air change
rate 1.8 1.8 1.8 1.8 1.8
Unocc air change
rate 0 0 0 1.8 0
Natural air change
rate 5 5 5 5 5
Simulation type
Zone single single single single single
Building
Orientation n-s/e-w n-s/e-w n-s/e-w n-s/e-w n-s/e-w
Building side a 12 12 12 12 12
Building side b 12 12 12 12 12
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Abu Dhabi 1 Abu Dhabi 2 North Pak 1 North Pak 2 World
Building Basics
Building type multi story single single single single
No. of floors 3 1 1 1 1
Level NA NA NA NA NA
Room Description
Orientation east east east east east
Depth 5 5 5 5 5
Width 5 5 5 5 5
Height 3 3 3 3 3
Floor
Thermal Mass high high high high high
Floor insulation no insulation no insulation no insulation no insulation no insulation
Wall Description
Thermal mass 0.1m 0.1m 0.1m 0.1m 0.1m
solid
solid concrete solid concrete mud and hollow concrete
Wall material block block stone cement block block
Wall insulation
placement none none none none none
Wall insulation
value 0 0 0 0 0
Roof Description
heavy
Material NA bitumen roof earthen roof new CGI new CGI
Thickness NA 0.1m 0.2 m (high) NA NA
Insulation NA none none none none
Ins. Vlalue NA 0 0 0 0
Window
Window area 50 20 20 20 20
Window type single single single single single
Window glazing clear clear clear clear clear
Overhang none none none none none
(if blinds)
width 0.025 0.025 0.025 0.025 0.025
occ. Schedule always open always open always open always open always open
respond to respond to respond to respond to respond to
unocc. Schedule temperature temperature temperature temperature temperature
angle when closed 90 90 90 90 90
blind mat. wood wood wood wood wood
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SCENARIO
APPENDIX 6: Results from simulation cases
Abu Dhabi -Scenario One
Walls only 0 347.7
With nat. vent
With ground effects 0.1 380.3
with round effects nat vent) 0.1 0
With ext. ins. (R-3) 0 326.8
With int. ins. (R-3) 0 327.1
Concrete (0.1m) 0 402.3
Rammed earth (0.1m) 0 393.5
Rammed earth 0.45m 0 351
North facing 0.2 336.1
West facing 0 395
Overhang 0.1 572
Low-e glazing 0 341.6
Window area 20% 0 304.1
high mass (ins) 0.2 328.6
low mass (un-ins) 0 337.6
low mass (ins) 0 330.1
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Abu Dhabi-Scenario Two
-
Walls only 0 355.3
With concrete roof (0.2m) 3 934.4
With ground effects 0
Combined 3.4 971.6
us
concrete (ext. ins) (R-3) 0.1 434.4
concrete (int. ins) (R-3) 0 435
cool roof 4.2 694.6
cool roof -ext ins (R-3) 0.1 419.6
cool roof -int ins (R-3) 1 420.1
just insulation R-3 0 435.2
With ext. ins. (R-3) 2.2 872.7
With int. ins. (R-3) 3.1 879.2
Rammed earth (0.1m) 3.9 997.6
Rammed earth (0.45m) 2.3 911.7
concrete 0.1m 3.8 1012
Overhang 3.5 965.6
Low-e lazin 3.4 954.4
Floor with insulation 3.3 963.3
Floor with low mass, no
insulation 8.4 989.8
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North Pakistan- Scenario One
Heating Cooling
Wi- -Walls only 11 338.8
With nat. vent 11
with CGI roof 57.5 988.5
with round effects 22.8 350.9
=- -
Combined construction with CGI roof 72.1 997.6
Int. ins. Ceiling (R-3) 24.6 387.7
Int. ins. Walls (R-3) 47 932.5
Ext. ins. Walls (R-3) 41 921.3
Ceiling int and wall ext insulation 4.6 320.1
Heavy earth roof (no insulation) 56.8 490.8
Heavy earth roof (ext. ins) (R-3) 23.4 362.1
Heavy earth roof (int. ins) (R-3) 25.7 364.8
Heavy earth roof (0.45 m) 36.1 423.8
Insulation onl R-3) 25.1 363.2
With ext. ins. (R-3) 31.4 418.3
With int. ins. (R-3) 32.5 419.9
Mud & stone (0.45m) 40.1 447.2
Solid concrete block 0.1m 56 489.1
South facing 48.9 495.7
Double glazed 52.6 485.7
North window 63.7 460.2
Leaky construction 92.9 481.4
With shutters 55.9 471.5
With insulation 53.2 486.6
With insulation 53.2 486.6
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North Pakistan- Scenario Two
Walls only 9.5 329.9
With nat. vent 9.5 0
with CGI roof 53.6 974.8
with round effects 19.8 342.6
Int. ins. Ceiling (R-3) 21.4 379
Int. ins. Walls (R-3) 46.8 932.1
Ceilin int and wall ext insulation 5.3 321.3
new CGI (int. ins.) (R-3) 21.4 379
painted CGI 79.7 601.1
painted CGI (int. ins) (R-3) 22.8 357.9
old CGI roof 64.9 1128.9
old CGI (int. ins) (R-3) 20.9 386.5
Mud on CGI roof 36.1 614.5
Mud on CGI (int. ins) (R-3) 21.4 375.7
concrete (0.1m) 126.6 702.4
concrete (int. ins) (R-3) 23.9 360
concrete ext. ins)R-3)23.5 359.6
With ext. ins. (R-3) 39.8 919.7
With int. ins. (R-3) 46.8 932.1
Solid concrete block (0.1m) 60.9 970.8
Adobe 60.6 968.5
South facing 63.4 1001.8
Double glazed 62.6 981.8
North window 68.2 944.3
Leaky construction 93.3 979.1
With shutters 65.8 982.6
With insulation 63.2 982.5
lWith insulation 63.2 982.51
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World Scenario
Heating Cooling IHeating Cooling IHeating ICooling IHeating Cooling Heating lCooling IHeating Cooling
-,-- -/--i--/-/-/-/-Wall-
cement
block
(0.1m) 1.5 46.6 0 155 8.7 16.5 0 324.1 26.2 61.5 608.8 1.2
With
round 3.6 38 0 149.4 17.3 11.2 0 337.6 40.5 55.7 781.9 0.9
With roof
effects 15.5 561.5 0 702.6 56.2 462.7 0 1067.6 78.9 478.4 1424.6 109.5
Wall-
cement
block with
int. ins. (R-
3) 12.1 561.2 0 683.7 46.5 474.1 0 1018.4 65 482.8 1209.5 121.2
Wall-Straw
bale
(0.5m) 12.1 562.7 0 683.6 46.5 476.4 0 1016.6 64.5 484.1 1190.4 122.4
Roof-Old
CGI 14.6 703.9 0 937.7 54.4 601.7 0 1217 76.4 609.9 1388 162.7
Roof-
Painted
CGI 20.8 174.8 0 321.8 68.8 103.8 0 639.7 100.5 150.9 1564.6 11.2
Roof-
Painted
CGI with
bottom ins.
(R-3) 4.3 45 0 159.3 19.5 14.6 0 356.2 4.8 60.8 830.4 1.1
Roof-Mud
on CGI 7.2 256 0 388.8 29 184.1 0 658.3
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